Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


'■V     • 


/ 


REPORT 


OF  THE 


SUPERINTENDENT 


OF  THE 


U.  S.  COAST  AND  GEODETIC  SURVEY 


rOR  THE 


nSCAL  YEAR  ENDING  JUNE  30,  1893, 


IN    T^^^O    PARTS. 


PART    II. 

APPENDICES  RELATING  TO  THE  METHOJ>S,  DISCUSSIONS,  AND 
KEjSULTS  of  TUE  COAST  AND  UEODETIC  SUUVEY. 


WASHINGTON: 

GOVERNMENT   PRINTING   OFFICE. 

1894. 


U.  8.  Coast  and  Geodetic  Survey  Report  for  1892.— Part  n. 


PREFATORY   NOTE. 

The  text  of  this  Beport  for  the  fiscal  year  1892  has  been  arranged  for  pablication 
in  two  parts,  like  that  for  the  fiscal  year  preceding. 

Part  I,  in  quarto  form,  contains  fche  historical  portion,  presenting  reports  of  prog- 
ress in  the  field  and  office  operations  of  the  Survey ;  estimates  for  fatare  progress, 
and  statements  of  ezx>endi  tores  daring  the  fiscal  year.  Maps  of  general  progress,  and 
sketches  showing  localities  of  field  work,  exhibit  graphically  the  adyanoe  of  the 
Sorvey  to  Jnne  30, 1892. 

Part  II,  it  will  be  observed,  is  in  octavo,  and  inclndes  the  professional  papers 
relating  to  the  methods,  discussions,  and  results  of  the  Survey  which  have  been 
approved  for  pu  blioation  during  the  year.  Such  illustrations  as  are  needed  accom- 
pany them. 

The  octavo  form  is  more  convenient  and  suitable  for  the  scientific  and  professional 
papers,  while  the  quarto  form  appears  to  be  demanded  for  the  statistical  matter  and 
the  progress  sketches.  Since  the  latter  are  of  less  general  interest  than  the  former, 
in  the  future  distribution  of  the  Report,  Part  II  only  will  be  sent,  as  it  is  believed 
that  this  will  include  all  that  fti  generally  desired,  and  in  a  much  more  compact  and 
convenient  form  than  that  of  the  old  quarto. 

In  special  cases,  where  both  parts  are  desirable,  they  will  be  sent. 

T.  C.  Mendenhall, 

Superintendent, 
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APPENDIX  NO.  1—1892. 


ON  THE  VARIATION  OF  LATITUDE  AT  ROCKVILLE,  MD.,  AS  DETERMINED 
FROM  OBSERVATIONS  MADE  IX  1891  AND  1892  IN  COOPERATION  WITH 
THE  INTERNATIONAL  GEODETIC  ASSOCIATION. 


Saliiiiittcd  fur  piiblicatiou  October  14,  1892. 


PREFATORY   NOTE. 

The  Ooast  and  Geodetic  purvey  having  audertaken  to  cooperate 
with  the  International  (r<*odetic  Association  in  the  observations 'for 
variation  of  latitude  at  Waikiki,  near  Honolulu,  it  seemed  important 
to  have  determinations  of  latitude  at  points  intermediate  between  that 
point  and  Berlin.  ^ 

Washington,  being  nearly  six  hours  west  of  Berlin  in  longitude,  and 
in  latitude  nearly  midway  between  Berlin  and  Waikiki,  was  geographic- 
ally well  placed  for  observations  which  would  check  those  regularly 
made  at  these  two  stations.  Still  further  light  would  be  thrown  upon 
the  suspected  progressive  change  in  the  position  of  the  axis  of  rotation 
of  the  earth  by  a  series  of  observations  at  San  Francisco,  nearly  mid- 
way between  Washington  and  Waikiki.  The  verification  of  the  move- 
ment by  these  observations  would  remove  all  doubt  as  to  its  reality, 
and  it  was  accordingly  determined  to  do  the  best  that  could  be  done 
under  the  circunvstances  in  the  way  of  making  observations  for  latitude 
as  frequently  as  possible  throughout  a  year  at  both  of  these  points. 

Other  demands  of  the  service  forbade  the  detailing  of  one  or  more 
assistants  to  this  duty  alone.  It  was  necessary  to  do  it,  if  it  was  to  be 
done  at  all,  in  addition  to  other  regular  work,  and  it  therefore  became, 
in  a  large  degi-ee,  a  voluntary  service.  Assistant  George  Davidson, 
in  charge  of  the  Sub-office  at  San  FraiKiisco,  in  carrying  on  the  work 
there  was  much  interrupted  by  necessary  attention  to  office  and  fiekl 
duties.  In  Washington  the  task  was  voluntarily  assumed  by  Assistant 
Edwin  Smith  m  iiddition  to  his  regular  duties  as  chief  of  the  Instru- 
ment Division.  The  latter  required  his  presence  in  the  office  during 
the  day  and  necessitated  a  journey  of  10  miles  in  the  morning  and 
ag^un  in  the  evening,  to  his  home  in  Rockville,  where  the  temporary 
ol^ervatory  was  located. 

Ill  otmsidering  the  results  herewith  submittexi,  the  above  facts  must 
not  be  lost  sight  of,  and  it  must  be  remembered  that  the  work  at  the 
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stations  ia  the  United  States  was  undertaken  primarily  as  a  check  npon 
the  more  careful  and  systematic  investigation  in  progress  at  Berlin,  and 
by  Assistant  Preston  and  Dr.  Marcuse  at  Waikiki. 

This  paper  contains  the  observations  made  at  Rockville,  and  tlie 
reduction  and  computation  of  the  results.  An  abstract  of  it  was  pub- 
lished in  November,  1892,  as  Bulletin  No.  25. 

The  instrumental  methods  and  scheme  of  observing  have  been 
described  by  Mr.  Smith,  and  the  descrix)tion  of  the  method  of  reduction 
and  the  discussion  of  the  results  was  prepared  by  Mr.  Charles  A. 
Schott,  Assistant  in  charge  of  the  Computing  Division  of  the  office, 
under  whose  direction  the  computations  were  made. 

Mr.  Preston's  report  of  his  observations  and  results  at  Waikiki  is 

published  as  Appendix  No.  2, 1892. 

T.  0.  Mendenhall, 

Superintendent* 


I.— PESCRIPTION  OP  THE  STATION,  INSTRUMENTS  AND  METHODS 
OP  OBSERVING  BY  EDWIN  SMITH,  ASSISTANT  U.  S.  COAST 
AND  GEODETIC  SURVEY,  AND  OBSERVER  AT  ROCKVILLE. 

In  conformity  with  the  instructions  of  the  Superintendent,  dated 
Manjh  25, 1891,  the  scheme  adopted^for  the  llockville  station  was  as 
follows:  Eighty-eight  pairs  of  stars  were  selected  from  the  Coast  and 
Geodetic  Survey  Catalogue  of  Stars  for  Observations  of  Latitude, 
Ai)pendix  No.  7,  Report  for  1876,  extending  over  the  twenty-four  hours 
of  right  ascension  and  arranged  in  fifteen  groups,  which  were  observed 
as  follows : 


Group. 

Nos.  of  pairs. 

Dates  of  observations. 

I 

I  to  l6 

June  13,  15,  1891,  and  June  2,  6,  11, 12, 13, 15, 16, 17, 
20,23,25,26,29,1892. 

2 

5  to  19 

June  23, 24,  25,  27,  Juiy  5, 6, 189 1,  and  June  1 1, 12,  20, 
23,29,July  7,8,9, 1892. 

3 

9  to  24 

July  9, 10,  12,  21,  22,  27,  29,  1 891. 

4 

14  to  28 

July  31,  August  7,9,  10,  II,  14,  15,  22,  1891. 

5 

20  to  35 

August  15, 17,  September  i,  3,  7,  9,  10,  12,  13,  14,  15, 
17,1891. 

6 

26  to  40 

September  10, 12, 14,  17,  18,  19,  21,23,  24,  25,  26,  28, 
30,  October  3,5,9, 14,  I5»  >6,  17, 1S91. 

7 

34  to  48 

October  22,  23,  24,  28,  29,  30,  November  I,  2,  6,  7,  9, 
1891. 

8 

41  to  55 

November  17,  18,  20,  23,  24,  29,  30,  December  1,4,  5, 
1891. 

9 

47  to  61 

December  8, 9, 10, 13, 18,  28,  31, 1891. 

lO 

54  to  65 

January  7, 8, 16,  20,  21,  24,  25,  28, 1892. 

II 

59  to  70 

January  31,  February  10, 13, 15, 17, 1892. 

12 

66  to  77 

March  10,  12, 14,  16, 19,  20,  21,  23,  24,  1892. 

13 

71  to  82 

March  28,  29,  April  4,  9,  II,  12,  13,  1892. 

H 

77  to  88  and  i 

April  16, 19,  23,  26,  27,  29,  30.  May  i,  3,  4,  5,  7,  8,  9, 

1892. 

15 

83  to  88  and  i  to  8 

May  16,  17, 19,  23, 24,  25,  28, 30,  June  i,  1892. 
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On  the  variation  of  latitude  at  RockviUej  McU 

The  large  number  of  groups  is  coasidered  the  weakest  point  in  this 
series  of  observations.  The  conditions  under  which  the  work  was 
done  will  readily  explain  why  it  would  have  been  impossible  to  have 
limited  the  number  of  groups.  It  is  to  be  regretted  that  the  hours  of 
observation  were  so  limited,  but  to  have  extended  them  to  two  or  three 
o'clock  in  the  morning  would  have  been  fatal  to  the  performance  of  the 
observer's  duties  at  the  office.  The  groups  could  have  been  limited  to 
a  small  number  only  by  so  extending  the  hours  of  observation. 

The  observer  has  had  little  assistance  in  this  work.  With  the  aid 
of  Mr.  Frank  A.  Cook,  the  clerk  of  the  Instrument  Division,  the  stars 
were  selected  and  the  groups  arranged  only  a  few  days  before  the 
observations  were  actually  begun.  Mr.  Cook  kindly  volunteered  to 
assist  even  after  office  hours,  and  with  his  help  an  effort  was  made  to 
keep  up  the  computations  as  the  observaticms  progressed;  but  this 
was  soon  found  iDipracticable  and  the  effort  was  abandoned.  This 
part  of  the  work  was  then  referred  by  the  Superintendent  to  the  Com- 
puting Division  of  the  Coast  and  Geodetic  Survey  Office,  where  the 
computations  have  been  personally  made  by  the  chief  of  that  Division, 
assisted  by  Messrs.  Alexander  Bonnot  and  Legh  W.  Eeid,  who  were 
specially  employed  for  the  purpose. 

DESCRIPTION  OP  STATION. 

Tlie  town  of  Eockville  is  located  on  the  Metropolitan  Branch  of  the 
Baltimore  &  Ohio  Eailroad,  about  16^  miles  from  Washington,  D.  C, 
in  Montgomery  County,  Maryland. 

The  latitude  station  is  located  in  the  garden  of  the  observer's  resi- 
dence on  Forest  avenue  about  1  mile  by  the  direct  road  from  the  rail- 
road depot,  but  somewhat  less  than  half  a  mile  from  the  nearest  point 
of  the  railroad.  The  station  is  about  500  feet  above  tide  water,  on  one 
of  the  highest  points  within  a  radius  of  about  2  miles.  The  immediate 
vicinity  is  free  from  trees  and  other  disturbing  atmospheric  influences, 
and  altogether  can  be  considered  a  very  favorable  location  for  such 
observations.  The  sketch  shows  the  location  of  the  observatory  in 
the  garden. 

The  pier  upon  which  the  zenith  telescope  is  mounted  is  built  of  rough 
sandstone  and  cement,  and  its  foundation  is  solid  quartz  rock.  A 
ledge  of  this  rock  runs  through  the  garden  in  a  direction  S  W.  to  NB., 
and  comes  above  the  surface  of  the  ground  at  several  places.  At  the 
]>oint  where  the  pier  is  built  the  rock  is  about  2  feet  below  the  surface. 
The  pier  has  proved  a  very  steady  one.  Throughout  the  thirteen 
months  of  observation  the  instrument  required  no  adjustment  in 
azimuth  except  when  intentionally  disturbed.  The  changes  of  level 
were  slight  and  due  more  to  temperature  than  to  any  other  (^ause.  The 
pier  is  0*61  metre  square,  and  the  top  0"9D  metre  above  the  ground.  At 
a  distance  of  1-9S  metres  north  of  this  pier  is  another  pier  of  the  same 
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material,  only  oDe-tiulf  of  wliicb  rests  upou  the  Holid  rock.  Upon  tins 
pier  is  moapted  the  transit  instruuient.  As  might  be  ezi>ected  this 
pier  is  not  as  stable  as  the  other,  but  serves  its  purpose  very  veil. 

Over  the  piers  is  bnilt  a  wooden  observatory  3-66  metres  by  4*26 
metres,  divided  into  two  rooms  4-26  metres  by  2-44  metres  and  4-26 
metres  by  1-22  metres,  respectively,  the  smaller  room  being  nsed  as  a 
recording  and  waiting  room  and  the  larger  the  observing  room.  By  a 
system  of  ventilation  nnder  the  eaves  and  at  the  peaks  of  the  gables  of 
the  roof,  an  excessive  rise  of  tcnipunitnre  is  avoided.  The  width  of  the 
slit  in  the  roof  is  38  centimetres.  The  exterior  of  the  bnilding  is  painted 
a  very  light  color,  almost  white.    The  zenith  telescope  pier  is  covered 


Sketch,  of  Garden.,  shotrin^  location'  of  Observatory. 

by  a  wooden  case  resting  ui)on  the  floor  of  the  observatory  free  from 
any  contact  with  the  pier. 

In  the  spring  of  1!S<J2  this  station  was  connected  with  the  main 
triangnlation  of  the  Coast  and  Geodetic  Survey,  as  shown  io  illustration 
:No.  I  and  the  geodetic  position  of  the  zenith  telescope  pier  was  fonnd 
to  be  as  follows: 

Latitude     =30°    ((5'    11"-21 
Longitude  =770    09'    .IC'-ftS 

ISSTEirMENTS. 

Zenith teleBCOi>eNo.4;  tranRitNo.S;  sidereal  break  circuit  chronom- 
eters Negus  No.  158»,  Huttoii  No.  220,  and  Hnttou  No.  202;  cylinder 
chronograph;  electric  lamps,  t>atteries.  etc.;  Centigrade  thermometers 
Nos.  C387,  6288,  and  6289;  mercurial  barometer  No.  17.'15. 

Zenith  tclescoite  No.  4  (see  illustrations  Xo-s.  2  and  3)  was  originally 
niadi-  by  Troaglitiiu  &  iSlmnts  of  London  in  1849.  The  Coast  and  (Seo- 
detic  Hurvcy  po^isesses  four  of  those  instruments,  known  as  Nos.  1,  2,  3, 
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and  4,  all  made  at  about  the  aamc  time.  In  their  origioal  form  tlioy  had 
many  defects  and  gave  unsatisfactory  resnlt»,  and  for  some  years  past 
lad  been  anused.  When  it  was  proposed  that  the  Coast  and  Geodetir 
)iir\'ef  shonld  take  part  in  these  resetirches  on  the  variations  of  htti- 
ude,  in  cooperation  with  the  lutemational  <Teodetic  Association,  no 
ther  iiistraments  were  nvailahle,  and  it  was  decideil  to  have  two  »t' 
lese  remodeled  at  the  Survey  Oftiee,  one  for  the  party  going  to  tlic 
-lawaiiao  Islands  and  the  other  for  the  party  to  be  located  near  Wash- 
iogtou,  D.  G.    Ko.  '2  waM  selected  for  the  former  and  Ko.  4  for  the  latt^n-. 

Tlie  remodeling  of  these  instruments  was  done  in  the  shopR  of  the 
Instrument  Division  of  the  Coast  and  Geodetic  Survey  Office,  and  every 
precaution  was  taken  to  make  them  as  perfect  ns  possible  uuder  the 
:;ircumstances.    The  new  fe^itiin's  are  as  follows  fitr  each  instrument: 

Kew  base  and  leveling  snews:  new  vcrtu^al  axis;  new  wyes  for 
horizontal  axis  of  telescope,  with  adjustment  fitr  level ;  new  and  larger 
horisoutal  axis  for  telescope;  new  ndcronieter  w^rew  and  reironstmc- 
tion  of  micrometer  boic  and  slide;  new  and  iin])rove<l  clamp  to  tele- 
scope; two  new  flue  levels  iittticlied  to  telescope;  new  stride  level  tor 
telescoiie  axis;  the  whole  instrument  repolished,  bronzed,  etc.;  electric 
Innips,  batteries,  etc.,  for  illumination  of  telescope  field,  the  reading  of 
levels,  etc. 

Owing  to  want  of  time,  Xn.  2  did  not  have  thc^  new  base  and  vertical 
axis.  This  is  very  much  to  be  regretted,  as  the  old  form  is  too  weuk. 
In  every  other  respect  the  intstruments  are  ctpial.  Though  these  in- 
stmrnents  are  by  no  means  such  as  would  have  been  selected  had  there 
been  time  to  purchase  or  construct  new  ones,  it  was  believed  they 
wonld  answer  the  purpose. 

The  optica]  parts  are  those  originiUly  furnishod  with  the  instrnment. 
Tlie  objective  has  a  clear  aperture  of  7-0  centimetiTs  and  a  focal  length 
of  llti-0  centimetres.  The  glass  lias  a  slight  green  color,  but  the 
iniHges  of  the  stars  obsor\'ed  were  bright  and  well  defined.  The  diag- 
onal «ye-pi6ce  gives  a  i>(>wer  of  100.  It  gives  good  definition  only  very 
near  the  middle  of  the  field,  and  having  no 
parallactic  motion  in  right  ascension,  only 
tliree  good  pointings  could  be  made  on  a 
southern  star  while  crossing  the  field.  The 
nHcrometer  is  of  the  usual  form.  The  dia- 
gram shows  the  field  wlien  the  sci-ew  and 
eye-piece  are  set  centrally.  Tlie  three  ver- 
tical lines  are  fixed  s]ii(ler  webs  iibnut  eight 
and  a  half  e<iuatoriiil  seconds  apart.  The 
three  horizontal  lines  are  spider  webs  fixed 
to  the  slide  moved  by  the  luicnimeter  screw 
at  distances  often  revolutions  of  the  screws. 
The  micrometer  is  so  arranged  that  if  taken 
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apart  the  lieiMl  and  riu;k  can  be  replaired  so  as  to  have  the  same  relation 
to  each  other.  Increasing  readings  of  the  screw  indicate  increasing 
zenith  distances. 

The  two  levels  attached  to  the  telescope  were  selected  from  a  lot  pnr- 
cluised  from  the  Keuftel  &  Esser  Comjiany  of  New  York  in  1889.  They 
were  made  by  Adolph  Pessler^  me(*.hanician,  of  Freibnrg,  in  Saxony. 
These  levels  have  proved  very  satisfactory,  and  it  is  doubtfnl  if  su- 
perior levels  can  be  obtained.  The  glass  tubes  are  150  millimetres 
long  and  18  millimetres  in  diameter.  They  have  a  chamber  at  one  end, 
by  which  the  length  of  the  bubble  can  be  controlled.  The  length  of  a 
division  is  2  millimetres.  As  viewed  upon  the  instrument,  the  gradu- 
'  ations  are  from  left  to  right,  the  upper  level  scale  being  numbered 
from  0  to  50  and  the  lower  end  from  00  to  110. 

Each  glass  tube  is  mounted  in  a  brass  tube,  in  which  it  rests  u|>on 
two  points  near  each  end,  and  is  held  in  place  by  a  light  spring  above 
these  points  at  each  end.  Each  brass  tube  is  covered  by  a  glass  tube. 
The  two  levels  thus  mounted  are  attached  to  a  brass  arm  by  ball  and 
socket  joints  at  one  end  and  opposing  screws  at  the  other  end,  by 
which  the  two  levels  may  be  made  parallel  to  eiich  other.  The  levels 
are  mounted  upon  the  left-hand  side  of  the  telescope  and  when  pouit- 
ing  north  the  scales  read  from  north  to  south. 

The  illumination  of  the  field  is  by  a  small  mirror,  mounted  centrally 
in  the  horizontal  axis,  which  reflects  light  received  from  a  small  elec- 
tric lamp  through  one  end  of  the  axis. 

Transit  No.  5  is  also  an  instrument  made  by  Troughton  &  Simms  in 
1S49,  and  remodeled  at  the  Coast  and  Geodetic  Survey  Office  in  1890. 
The  dimensions  and  power  of  the  telescope  are  about  the  same  as  those 
of  zenith  telescope  No.  4.  The  pivots  are  so  nearly  equal  that  there 
is  no  appreciable  correction.  The  value  of  one  division  of  the  stride 
level  is  0*96  second.  A  similar  instrument  is  illustrated  in  the  Coast 
and  Geodetic  Survey  Report  for  1880,  Ai)pendix  14.  This  instrument 
was  used  for  the  determination  of  the  corrections  to  the  chronometers 
and  also  as  a  collimator  for  the  adjustments  of  zenith  telescope 
No.  4. 

CONSTANTS  OP  ZENITH  TELESCOPE  NO.  4. 

Levels. — ^The  arc  values  and  errors  of  the  level  scales  were  determined 
and  investigated  at  the  Coa^t  and  Geodetic  Survey  OflBce  by  Mr.  E.  G. 
Fischer,  the  chief  instrument  maker  of  the  Coast  and  Geodetic  Survey' 
instrument  shop,  in  May,  1891,  and  again  in  January,  1892,  at  high  and 
low  temperatures.  The  details  will  appear  with  the  report  of  the  chief 
of  the  Computing  Division  on  the  computations  and  results.  There  was 
found  to  be  no  appreciable  difference  of  value  for  change  of  tempera- 
ture, and  the  errors  of  difierent  parts  of  the  scales  are  so  small  that 
mean  values  are  used.    These  are  as  follows: 

Upper  level,  1  div.  =1*000  seconds, 
^  Lower  level,  1  div.  =1*3<>4  seconds, 
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On  the  variation  of  latitude  at  Bockville.  Md. 

J      Micrometer. — ^The  true  distances  between  the  threads  of  the  microme- 
'  tp'V  were  determined  by  pointings  made  with  the  three  threads  upon  a 

all  speck  on  the  glass  diaphragm  of  the  transit.    The  distances  were 

md  to  be  as  follows : 
Previous  to  June  13, 1892, 

.   1  to  2  =   9-9418  revolutions; 

1  to  3  =  19-97G3  revolutions; 

2  to 3  =  100345  revolutions; . 

After  June  13, 1892, 

1  to  2  =  9-8900  revolutions. 

The  arc  value  of  the  screw  was  determined  and  its  errors  investi- 
gated by  observing  transits  of  a  Ursae  Minoris  and  A  Ursae  Minoris  at 
eastern  and  western  elongations,  only  that  part  of  the  screw  between 
20  and  40  revolutions  being  used.  The  head  of  the  screw  was  set  suc- 
cessively at  0,  25,  50,  and  75  divisions  in  each  of  the  20  revolutions. 
The  observations  were  recorded  on  the  chonograph,  three  breaks  being 
made  at  ea<;h  transit,  the  mean  of  which  was  taken.  Thirteen  such  sets 
of  transits  were  observed  as  follows : 

June  8,  9,  and  10,  1891,  on  A  Ursse  Minoris  at  eastern  elongation. 
September  18,  19,  21,  23,  and  24, 1891,  on  a  Ursae  Minoris  at  eastern 
elongation.  January  27,  February  22  and  23,  and  March  3  and  9, 1892, 
on  a  UrsjB  Minoris  at  western  elongation. 

These  observations  show  no  appreciable  periodic  errors  in  a  revolu- 
tion, but  there  is  an  appreciable  diflference  in  whole  revolutions  and 
also  an  appreciable  correction  for  temperature.  The  detailed  results 
will  appear  in  the  report  of  the  chief  of  the  Computing  Division  on  the 
computations  and  results.  The  mean  arc  value  of  one  revolution  is 
44"-(K)O0  — 0-001150  t,  t  being  degrees  centigrade. 

The  equatorial  intervals  between  the  vertical  threads  were  determined 
August  6,  by  observations  of  transits  of  a?  Draconis,  ^  Draconis, 
^  Dracouis,  and  y  Draconis  at  upper  culmination  to  be 

I  to    II    =8-56  seconds; 
n  to  III    =8-84  seconds. 

METHOD  OF  OBSERVATION. 

The  collimation  of  the  zenith  telescope  was  frequently  exsimined  by 
pointuigs  on  the  middle  thread  of  the  transit,  the  zenith  telescope  being 
reversed  in  its  wyes.  No  re-adjustment  of  the  collimation  was  required 
up  to  November  18, 1891.  On  this  date  the  micrometer  box  had  to  be 
removed  and  was  replaced  the  same  day,  and  no  re-adjustment  has 
been  required  since. 

The  azimuth  of  the  zenith  telescoi)e  when  pointing  north  was  fre- 
quently examined  by  pointings  upon  tlie  micrometer  thread  of  the 
transit  set  in  the  meridian,  and  when  pointing:  seuth  by  transits  of 
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standard  stars,  the  correction  to  the  chronoinet4>r  being  acci 
known.  The  stops  reiiuired  no  re-a<ljiistinent  tliioughout  the 
series  except  wben  intentionally  removed  for  observing  for  v 
micrometer.  The  error  of  collimation  and  the  deviation  of  the 
collimation  from  the  meridian  have  not  exceeded  one  second  < 
throughout  the  series. 

It  was  intended  to  use  only  that  part  of  the  micrometer  screw  b 
20  and  40  revolutions,  30  revolutions  being  the  middh^  of  the  tiel 
pointings  between  20  and  40  revohitions  were  to  be  made  with 
2,  all  below  20  revolutions  with  tiircad  1,  and  all  above  40  revo 
with  thread  3  the  extreme  limits  being  10  to  50  revolutions, 
screw  would  have  been  moved  only  over  those  revolutions  betv 
and  40.  This  scheme  was  carried  out  till  November  18,  when  tl 
was  found  to  be  slack.  It  was  on  this  date  that  the  micromet 
was  removed  with  the  intention  of  putting  in  a  new  thread.  Or 
ination  at  the  office  a  new  thread  was  thought  unnecessary,  a 
mici^meter  box  was  replaced  as  it  was.  Observations  the  sam 
proved  thread  3  to  be  useless  and  it  was  abandoned,  thread  : 
used  in  its  place. 

In  the  beginning,  the  method  of  observation  and  record  i 
adopted  in  the  Survey  was  followed — that  is,  a  single  pointii 
made  on  the  star  when  on  the  meridian,  and  a  single  reading 
levels  was  made  after  pointing  on  the  star.  Beginning  on  J 
1891,  the  method  used  at  Berlin  1889-'90  was  followed  as  nej 
practicable— that  is,  the  levels  were  read,  three  pointings  were 
on  the  star  near  the  three  vertical  threads,  and  the  levels  wen 
read. 

Specimen  of  record. 

[Roclcville,  Md.,  June  13, 1891.    Observer,  Edwin  Smith.) 
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On  the  variation  of  latitude  at  RoelvilUj  Mi. 
Specimen  of  record. 

[RockviUe,  Md.,  July  27, 1891.    Observer,  Edwin  Smitk.] 
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Thermometer  No.  6288  was  hung  in  the  north  end  and  No.  6289  in 
e  south  end  of  the  observatory,  and  No.  6287  in  the  ojien  air  on  the 
At  side  of  the  observatory.  The  barometer  was  hung  in  the  observ- 
ory  near  the  transit.  The  temperature  and  pressure  of  atmosphere, 
indicated  by  these  instruments,  were  noted  at  the  beginning,  the 
iddlei  and  the  end  of  each  night's  work. 
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Record  of  temperature  and  pn-anun'  ••/  atmimphere  at  SoAriVe,  Md., 
during  observalionn  for  latitude. 
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75 1-3 

17    40 

25-5 

266 

3fr6 

749-2 

10    49 

22'S 

24'5 

24'5 

749-0 

17    00 

36-2 

37-8 

37'6 

7S0-0 

20    49 

24-5 

25s 

25'S 

7SO-2 

17     00 

24S 

36'5 

.       ifrs 

7486 

17     s8 

31-2 

33-3 

225 

749-5 

17     38 

200 

22'5 

33-5 

7495 

Ji     OS 

16-1 

'8-5 

18.5 

750-7 

'f    33 

'5;5 

I7'6 

160 

750-9 

'8    37 

750-3 

18    oo 

330 

.      24-5 

247 

745-7 

23.4 

23- 1 

332 

745-7 

Sep..      I 

18    37 

18-3 

19-6 

752-3 

31      05 

\ll' 

■8-5 

19-0 

75S-5 

^'     33 

'7'5 

'7-5 

752-8 

18    37 

2f3 

31  S 

7SO'8 

2>      OS 

lB-4 

19-4 

r9-6 

750-8 

»i     33 

I7'8 

'S-5 

190 

750-9 

19    00 

166 

i8-o 

18-0 

749-5 

^,     OS 

145 

(6'6 

17-0 

749-9 

9 

18    37 

I3S 

>SS 

159 

757-3 

9 

«>    35 

I'-i 

131 

I3'5 

7S7'9 

REPORT  FOR  1892 — PART  II. 


Heeord  of  temperature  and  peen 
during  olixer, 


lire  uf  atmmiphtre  at  RociviUe,   Md., 
Mtiongfor  latitude. 


TbcnaoflicleK. 

Dub. 

Tine. 

Ouulde. 

Imlile  N. 

IniJdc  S. 

o'C. 

iSgi. 

i.    m. 

C 

C. 

C. 

mm 

S^     9 

as     19 

+9-S 

+  .3.8 

+I3-6 

7S8-0 

19    00 

15-3 

i6-5 

17-0 

7584 

M    3S 

137 

ij-i 

iSS 

7S8-6 

33     19 

14-0 

7S8-4 

18,37 

i8-6 

199 

7531 

30      13 

.64 

>8o 

i5-i 

7S2'o 

23     '9 

"4-4 

160 

163 

7S»S 

13 

18    37 

'9*5 

zi-o 

ai-4 

749'0 

'4 

18    37 

151 

17-0 

17-0 

750-I 

>4 

w    48 

12-8 

IS-3 

iSS 

75<='5 

>4 

23    27 

to-4 

130 

130 

7Sri 

»s 

'S    37 

I9-0 

ao-C 

30-9 

749-6 

'5 

21     05 

i8-o 

19-4 

195 

750-7 

15 

22    33 

17a 

i8-4 

l8'5 

750-8 

'7 

18     37 

23-5 

24-0 

34.0 

756-4 

•  7 

20    48 

215 

31-6 

7566 

17 

33    36 

19-0 

20-I 

756-7 

'0    35 

30-S 

33s 

33-S 

753-3 

iS 

33'S 

Z3S 

753-0 

i3 

^3    36 

190 

21-4 

2.-S 

753-1 

'9 

Ig-S 

21-6 

21    8 

753-3 

"9 

iS-S 

304 

W5 

753-7 

'9 

33     20 

:7-o 

19s 

19s 

753-' 

751-8 

19.1 

20'6 

ZO-6 

751-9 

33     20 

17-8 

751-8 

23 

20        (? 

32'4 

33'S 

240 

75 « -3 

n 

330 

330 

7S1-5 

23 

33       30 

198 

21-C 

7Si'8 

24 

20    35 

191 

213 

754-7 

»4 

19-0 

755-1 

24 

33      30 

180 

.9-0 

19-5 

75S-' 

as 

30'6 

31-6 

23-0 

752-8 

»5 

33      19 

'9*5 

30-5 

30-6 

753-0 

ij 

i8'6 

303 

7S3-0 

26 

335 

33-7 

752-6 

a6 

20-6 

22-2 

753-0 

26 

33      30 

21  4 

31-5 

7S3-I 

28 

I9'6 

2Q-5 

20-8 

753-9 

"9'3 

30-3 

7i3-S 

z8 

33      30 

194 

753-3 

30 

20      13 

.19 

>45 

757'6 

30 

'13 

I3S 

I3-0 

7581 

30 

33      20 

107 

12-3 

757'9 

Oct.       3 

ao    13 

20'S 

33-5 

32-6 

749'8 

iS'i 

30'S 

30-6 

749-6 

33    20 

165 

I9-S 

19-5 

749-0 

30     13 

13-8 

'5-3 

'5-5 

74S-3 

I3S 

14-6 

147 

749-3 

33       30 

"■9 

13-2 

13-5 

74'*' 7 

30   13 

9-5 

IO-6 

7514 

8'4 

9'S 

9-8 

75 '-4 

33  30 

8-4 

90 

93 

75" -4 

30  13 

13-3 

12'S 

757-5 

14 

9-6 

747S 

14 

33  30 

96 

lo-S 

lQ-7 

7477 

12  U.   8.   COAST  AND  GEODETIC   SURVET. 

Record  of  temperatvre  amd  pnnmre  of  /itmotpkere  at  BocltwII*, 
during  uhKeieation's j'»r  latitude. 


B^m. 

o*t«. 

r«[tuo*4tD 

Outdda. 

liuldeN. 

ln.id<S. 

o'C, 

1S9I. 

.1.       M. 

C. 

C. 

C. 

mm. 

Oct/   u 

00    OS 

+„y6 

+"o;s 

+  10-5 

■   747-7 

>S 

30    13 

90 

749-3 

"S 

80 

9-5 

95 

7SO-0 

•5 

33     'O 

66 

8-5 

8-6 

750-8 

il 

20     13 

8-1 

9-4 

.     9'6 

7S56 

16 

6-5 

7-6 

80 

7568 

16 

aj    20 

61 

7-1 

7'S 

756-9 

ir 

20    13 

75 

90 

9S 

756-4 

17 

63 

7-8 

80 

7i6S 

'7 

33     JO 

s-s 

7-0 

7-0 

756-6 

h  46 

+   S-4 

+  S-S 

7470 

aj    ao 

S-o 

5* 

5-4 

7470 

^3 

S' 

TO 

7-0 

748-3 

as 

33    5° 

6-0 

6-6 

6-8 

7484 

33 

1     30 

s-o 

S-7 

58 

748-4 

34 

7-a 

90 

9-0 

746-9 

"4 

33    50 

6-5 

84 

8-6 

747-7 

34 

1     40 

T3 

89 

9-0 

747-8 

aS 

40 

■i'S 

5-' 

757-7 

28 

33     SO 

2-S 

3-0 

758-4 

s8 

I     30 

7589 

29 

+  So 

8S 

8^ 

7S9-7 

ag 

33    5° 

6'6 

7'4 

7-3 

759-7 

29 

I     30 

60 

6-s 

6-5 

7596 

30 

II-6 

137 

13-S 

7S6-4 

30 

33    50 

11-9 

756-1 

3° 

1    40 

108 

10-7 

7SS-6 

3» 

■5-7 

16S 

i6a 

747-6 

No*.      I 

71 

7-9 

8-0 

753-3 

13    so 

51 

61 

6-3 

7S4-6 

1    40 

33 

47 

S-o 

755-3 

aa    oa 

2-5 

35 

4-0 

757-6 

33    so 

-  0-6 

16 

758-3 

1     40 

0^5 

758-8 

6 

+  i-o 

2-6 

27 

753-S 

6 

'i    SO 

16 

1-8 

7S3-4 

6 

1     40 

+  0-3 

1-5 

753-1 

7 

4S 

61 

6-4 

7SO-3 

7 

a3     SO 

3' 

5'7 

5-6 

750- 1 

7 

1     40 

1-7 

4;' 

4-3 

7'«9-9 

9 

9-4 

'^■3 

753-6 

9 

33     SO 

7-S 

f3 

85 

7S3-< 

9 

1     3'> 

S-9 

69 

7-0 

753-8 

'7 

33     36 

-  '  S 

-  "5 

7sa-S 

17 

31 

2-5 

a-4 

754-3 

18 

33     36 

SI 

41 

3-9 

766-. 

t8 

•     30 

65 

S'3 

SO 

7666 

18 

3     ao 

81 

6-4 

6-2 

766-9 

30 

33    3a 

+   33 

+  4-3 

+  4-5 

HP 

aa 

I     30 

30 

3-9 

4-0 

768s 

ao 

3    ao 

"■9 

a-8 

3-0 

7673 

'3 

33    36 

6-3 

7-3 

7-3 

735-' 

'i 

I     30 

S-o 

60 

6-0 

736-S 

33 

3       3C 

3-6 

5-0 

S-o 

737a 

34 

as    36 

3'9 

4-9 

S-o 

746-0 

»4 

I     30 

34 

3-6 

3S 

747-0 
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oori  of  temperature  and  pressure  of  atmoephere  at  BoekviUej  Md., 
dur»tg  obsereatiom  /or  Mitude. 


Due. 

TInKt. 

J^'w 

Oiit»d>. 

lomid.  N. 

iB^deS. 

o'C. 

1891. 

J.    «. 

C. 

c. 

C. 

mn 

Not.     14 

3     »> 

+  1-9 

+3'0 

+3-4 

747-8 

39 

>3    36 

-  6.5 

—  61 

-  5'9 

7568 

39 

I     40 

7'S 

71 

6-7 

7571 

39 

3    30 

S-o 

7-5 

7-4 

7S7-0 

30 

^3     36 

4> 

30 

2-6 

7S8-5 

Dee.      I 

33    36 

+  O'S 

+    !■* 

+   II 

757-7 

1    40 

—   04 

—  0-4 

757-6 

3    ao 

IS 

09 

0-6 

757-3 

4    36 

+  &; 

+  6-9 

+  6-7 

746-1 

I     30 

6-3 

6-5 

6-6 

747-8 

»3    36 

8-0 

8S 

8-3 

7Sao 

1    30 

6-S 

7'3 

7-1 

75>-8 

3    20 

60 

6-8 

6-5 

7SI-8 

0-5 

758-9 

3     as 

0-7 

758-7 

4    40 

—  0-3 

7S8-4 

+  4-6 

+  6-0 

+  60 

756-5 

3    as 

30 

5< 

So 

7564 

4    40 

18 

3-9 

4-0 

756-4 

35 

6-S 

65 

755-» 

3    25 

3a 

6-s 

(■■5 

75S-' 

4    40 

a-4 

4-8 

51 

75S-I 

49 

6-5 

6-3 

755-3 

3    as 

50 

S-o 

755-' 

4    40 

a-5 

4-3 

4S 

754-6 

-6-9 

-  5S 

-  S-3 

763-8 

3    *S 

5'9 

s-s 

49 

762.3 

4    40 

80 

6-4 

60 

759S 

38 

0-5 

+   0-3 

+  01 

756-3 

18 

3    as 

1-5 

—  o-a 

—  o-fi 

755-9 

38 

4    40 

0-9 

0-5 

OS 

7S5-8 

30 

+  II 

+  30 

+  a-7 

7S7-8 

30 

3    as. 

0-4 

17 

18 

758-8 

30 

4    40 

"■4 

759-a 

1892. 

I".       7 

3    58 

7-2 

—    6-2 

—  60 

747-8 

7 

4    40 

9.3 

78 

7-4 

7483 

7 

5    45 

II-5 

9-0 

8-9 

748-6 

8 

3    58 

i-a 

a'5 

37 

750-7 

8 

4    40 

*'l 

31 

3-0 

75'-' 

16 

a    58 

US 

7'4 

1-4 

7637 

16 

4    40 

■OS 

87 

8'5 

763-b 

16 

S    45 

9-0 

8-S 

8-3 

763-9 

Hi 

109 

99 

756-S 

117 

107 

756-3 

30 

5    45 

«3'4 

756-S 

3    OS 

756-8 

4    38 

■     4S 

3-6 

2'5 

7S7-J 

5    45 

49 

3'4 

3-4 

757-6 

24 

3    OS 

+  o;5 

+  1-8 

+  30 

743-9 

u 

4    38 

0-8 

743-4 

34 

5    45 

7366 

»s 

3    OS 

+  5-6 

7-5 

7'8 

35 

4     38 

5-0 

(•■0 

65 

736-8 

*5 

5    45 

40 

5-4 

5'5 

737-0 

iS 

3    "5 

i-o 

3-5 

3'S 

747-3 

14  U.  B.   COAST  AND  GEODETIC  8UBVEY. 

Secord  of  temperature  and  presviu-e  of  atmonphere  at  RockeUle,,  M 
during  obsercaliom  for  latitude. 


DU*. 

Tine. 

Otinlda. 

iDwde  N. 

loildeS. 

.eUjjcgd  „ 

1S91. 

A.    m. 

C. 

C. 

C. 

mm. 

J-Trf 

4    00 

+  47 

+  4-8 

+  4-S 

7473 

3t 

4     >7 

-  o-s 

752-9 

3" 

6    aj 

1-7 

o-S 

7S3-» 

31 

8      K> 

7S3-1 

FA     to 

4      17 

0-6 

743-5 

5     '7 

o-S 

7427 

13 

4      17 

3-6 

2-7 

2-5 

746-6 

•3 

6    05 

1-6 

""i 

758-0 

13 

8    17 

39 

1-8 

1-6 

758-4 

17 

4     '7 

S-8 

3-8 

35 

7f>3-4 

17 

7    05 

6-7 

5-8 

5-7 

762-7 

17 

8     17 

7' 

57 

5-7 

762-1 

Hai.     10 

7    OS 

30 

25 

742-6 

8      12 

+  1:] 

30 

3-3 

742-2 

7    OS 

+  90 

+  9S 

74S-4 

8    3S 

7-0 

So 

^■-3 

7464 

U 

7    05 

-  3-5 

-  3-0 

—  2-8 

755-6 

'4 

8    45 

4-5 

4-0 

37 

7S6'S 

to    28 

6v 

S-o 

49 

756-8 

16 

7    OS 

TS 

3-8 

3-6 

756-0 

16 

8    46 

7-8 

5-» 

5-9 

756-2 

16 

9    '5 

7-4 

5S 

5-4 

757-6 

'9 

7    05 

05 

+  10 

+  ro 

74S7 

19 

8    40 

1-3 

746'8 

'9 

'0    25 

2-6 

—  0-8 

—  0-8 

746-9 

J    OS 

'■4 

0-4 

0-3 

7554 

8    40 

3-S 

2-0 

7564 

ao 

lo    30 

3*3 

2-5 

Z'l 

756-9 

7    OS 

4-8 

17 

'■5 

7607 

8    53 

5' 

3-6 

35 

7611 

10    30 

6-0 

4-S 

4-5 

7609 

33 

7    OS 

+  90 

+  10-0 

+105 

747-9 

13 

8     ^5 

7-2 

80 

S-6 

746-9 

=4 

7    OS 

4-0 

S'6 

6-0 

752-1 

^ 

8    40 

3« 

4-5 

48 

75i-3 

*4 

9    30 

3-0 

4-0 

40 

7S2I 

38 

8    25 

37 

47 

SO 

75 '-8 

2S 

3*' 

4-0 

40 

752-6 

28 

a-o 

31 

35 

753-3 

'9 

8    25 

6-7 

7-2 

76 

755-1 

ag 

57 

6-1 

6-6 

7SS-3 

Apr.      4 

8    "s 

20-7 

116 

215 

748-1 

4 

10    20 

190 

ii)-6 

196 

7481 

4 

i7'0 

180 

17-8 

747-8 

9 

8    »5 

0-6 

06 

745-2 

5 

10    20 

—  09 

—  0-3 

7463 

+  30 

+  4-3 

+  ■'1 

75'3 

II 

.0    20 

iS 

2-5 

2-6 
'■5 

753-7 

7S3-0 

'fi    ^ 

5-0 

6-0 

6-1 

7535 

10    20 

2'S 

4-0 

40 

754*5 

12      00 

i'6 

30 

3-0 

754-6 

'3 

8    25 

88 

752-8 

13 

10    30 

7-8 

9-9 

752-4 

13 

10    47 

75 

9-0 

7523 

■6 

10     17 

S"' 

(■■5 

(.■9 

74S-8 
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Record  of  temperature  and  presuwre  of  atmosphere  at  RockvilU,  Md., 
during  ohnervatioH^  /or  latitude. 


Due. 

Time. 

B»rom. 

Oulsde. 

Inlide  N. 

m^dcs. 

o°C. 

1892. 

A.     m. 

C. 

C. 

c. 

mm 

AprU    16 

12      22 

+  4-4 

+  56 

748-8 

19 

10   17 

G'8 

83 

85 

757-3 

'9 

7-2 

83 

7577 

23 

10  17 

106 

.2.0 

117 

7499 

»3 

8-9 

7507 

23 

14  00 

7-4 

S'6 

86 

75  "■3 

26 

10   17 

190 

"'■3 

11-4 

758-7 

26 

12      17 

7'' 

90 

9-5 

759-2 

26 

14      00 

S-4 

7a 

Si 

759*4 

27 

10      17 

10-6 

118 

757-5 

*7 

lo-S 

log 

110 

757-0 

29 

10      17 

9S 

io'9 

752'3 

30 

10      17 

'3-9 

'Si 

iS-o 

756-9 

30 

IO-7 

ii'S 

la-o 

757-3 

y 

14      00 

lo-g 

IO-6 

7S7-> 

May       . 

10      17 

20s 

748-6 

3 

21-6 

22'5 

22-4 

747-5 

3 

<3    53 

21-8 

2I'6 

747-0 

10    40 

23-2 

2S-4 

252 

751-2 

4 

231 

23-0 

7S2-J 

13    40 

22'S 

ai-4 

7S2'2 

S 

10    17 

177 

17-8 

iS-o 

751-3 

s 

iji 

.5-6 

ii-9 

750-9 

5 

14    12 

13-8 

'43 

'4'4 

75°'' 

7 

10    17 

'35 

145 

14-6 

748-3 

7 

11-9 

749-8 

7 

14    12 

9-1 

lOM 

7504 

S 

10    17 

139 

136 

754-6 

8 

14    00 

99 

10-3 

107 

755-9 

9 

10    17 

'55 

189 

'8'5 

7S3-5 

9 

I4'8 

164 

.fr5 

753-9 

9 

14    12 

iz-5 

140 

7538 

16 

12    10 

"7-5 

i8'5 

i9'o 

75^-4 

16 

164 

172 

'7  5 

753-3 

16 
'7 

'5    S° 

13-6 
171 

i5'' 
18-0 

•s 

753*9 
7S.I-S 

'7 

13    55 

150 

lS-9 

752-3 

17 

IS     15 

141 

i5'0 

iS'o 

752-0 

19 

131 

14-6 

I4'8 

740-2 

^3 

8>i 

742-5 

=3 

'3     55 

6-6 

8-5 

8-7 

7-;3'5 

ij 

15     48 

5-8 

7-2 

7-4 

744-2 

24 

136 

159 

160 

748-3 

24 

'S    58 

130 

I3'0 

748-6 

25 

20-0 

20*9 

209 

744-8 

25 

Is  58 

172 

iSo 

18-0 

744-8 

lU 

14-4 

is-fi 

160 

74S-5 

28 

14    30 

12-S 

i3-5 

13-5 

749-0 

38 

15    58 

1 1-9 

12-5 

12-s 

749-1 

30 

12     10 

21-6 

zyt 

230 

750a 

30 

14    00 

20-0 

75 '-4 

30 

IS    48 

iS-6 

"9-5 

197 

75'-3 

Jun.       . 

240 

24-8 

247 

7525 

14  00 

22-6 

227 

752'9 

I 

IS    48 

20-S 

215 

215 

752-6 

' 

14  00 

23-2 

»3-7 

*3'S 

749-3 

16 
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Record  of  temperature  and  pressure  of  atmosphere  at  RocJcville,  Md,^ 

during  observations  for  latitude. 


• 

Thermometers 

>. 

Date. 

Time. 

liarom. 
reduced  to 

1 

Outside. 

Inside  N. 

Inside  S. 

o"C. 

1892. 

h.     m. 

■      c 

C. 

C 

mm. 

Jane      a 

15     48 

+  21-5 

-t-22-2 

4.22-3 

749*3 

2 

17     30 

21 -o 

21-8 

219 

749*4 

6 

14     00 

21*0 

230 

230 

749*6 

6 

15     48 

198 

21*5 

215 

749*5 

6 

17     30 

i8-8 

206 

208 

749*2 

II 

14     00 

173 

19*1 

194 

750-2 

II 

15     48 

154 

171 

i7-3 

7505 

II 

18     08 

140 

i6-o 

160 

7505 

12 

14     00 

21*2 

23- 1 

230 

7504 

12 

16     02 

20-5 

22-0 

22'0 

7508 

12 

18     18 

195 

20-8 

20*9 

7503 

"3 

14     00 

25-1 

26*2 

26- 1 

7502 

>3 

16    02 

22-8 

239 

239 

7501 

13 

"7     30 

21*6 

225 

22-5 

749*7 

15 

14    00 

230 

244 

245 

7500 

>5 

16    02 

21*1 

22*4 

22*5 

7508 

IS 

17     12 

203 

21*5 

207 

7509 

16 

14    00 

24'6 

25-2 

252 

75>-3 

17 

14    00 

21-8 

23-0 

230 

75i*4 

17 

16     20 

20-3 

21*6 

21-8 

751*8 

20 

14    00 

23*5 

245 

247 

744*7 

20 

16    02 

223 

235 

236 

745*0 

20 

18     18 

21*4 

225 

22*5 

7449 

21 

14    00 

25-5 

27'I 

270 

744*1 

23 

14    00 

256 

278 

27-5 

744*2 

23 

16    20 

24*2 

255 

255 

743*9 

23 

18     18 

24*0 

25*0 

250 

744*9 

25 

14    00 

21-1 

235 

235 

748-2 

25 

17    02 

17*6 

20-0 

20*1 

749*7 

25 

17     30 

17-8 

19*1 

1 9*4 

749*8 

26 

14    00 

221 

235 

236 

747*9 

26 

15     24 

210 

22'0 

22*2 

748-1 

29 

14    30 

23- 1 

239 

239 

747-8 

29 

16    02 

22-0 

22*6 

22-6 

748-3 

29 

18     17 

21*2 

22-0 

22*1 

7485 

July       7 

14    58 

180 

20'6 

20-6 

759*4 

7 

16    48 

i6-6 

«8-3 

18-5 

759*8 

7 

18    00 

i6'i 

17-0 

17-2 

759.9 

8 

14    58 

20*1 

22' I 

22*1 

755*1 

8 

16    48 

181 

198 

199 

754*9 

8 

18    00 

17-0 

1 8-6 

187 

744*8 

9 

14    58 

21*1 

22*6 

227 

752-7 

9 

16    48 

197 

207 

20-6 

753*2 

9 

18    00 

1 8-6 

20*0 

200 

753*1 

Ko  ligbtH  were  used  in  the  observing  room  other  than  the  small 
electric  lamps  for  illuminating  the  field  of  the  telescope,  and  the  small 
electric  hand  lamps  used  for  reading  the  micrometer,  levels,  setting, 
etc.  These  lamps  were  arranged  with  spring  cx>ntacts,  by  pressing 
which  the  lam]>s  were  illuminated  only  for  the  time  actually  necessary. 
A  dim  illumiuation  of  the  observing  roou:  was  obtained  fnmi  a  lamp 
in  the  recording  room,  showing  through  a  small  window  in  a  partition 
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separating  the  two  rooms.  Every  pre^^aution  was  taken  to  avoid  any 
sudden  change  of  temperature  in  tlie  zenith  telescope. 

The  first  observations  for  latitude  were  made  June  13, 1891,  and  the 
last  July  9, 1892.  In  the  whole  series  1808  observations  were  made  on 
140  nights.  On  many  of  these  nights  the  observations  were  very 
much  broken  on  account  of  clouds,  there  being  only  89  nights  upon 
which  complete  groups  were  observed.  No  serious  difficulties  were 
encountered  during  these  observations  up  to  April  30,  on  which  date 
the  level  readings  were  very  wild.  On  May  4  it  was  discovered  that 
the  observatory  had  settled  to  such  an  extent  that  the  casing  about 
the  pier  rested  against  it.  Tliis  difficulty  ^as  immediately  remedied. 
The  twelve  observations  of  April  30,  the  four  of  May  1,  and  the  first 
three  of  May  4  have  to  be  rejected. 

On  June  13, 1892,  it  was  necessary  to  strengthen  the  springs  of  the 
micrometer,  to  do  which  the  slide  carrying  the  spider  webs  had  to  be 
removed.  The  computation  of  observations  subseciuent  to  that  date 
developed  a  discrepancy  in  the  results  i'rom  ])airs  in  which  one  star  was 
observed  with  thread  1  and  the  other  star  with  thread  2.  An  investi- 
gation of  the  distance  between  threads  1  and  2  on  August  24  and  26 
developed  the  fact  that  the  relation  of  these  threads  must  have  been 
disturljed  on  June  13.  The  distiinces  between  these  threads  before 
and  after  June  13, 1892,  have  already  been  given. 

ii.-reduction  op  the  observations  and  discussion  op 
the  results  by  charles  a.  schott,  assistant  u.  s. 
coast  and  geodetic  survey. 

Computing  Division,  Coast  and  Geodetic  Survey, 

September  28^  1892. 

The  results  of  the  astronomical  observations,  specially  made  for  the 
last  three  years,  at  several  places  in  the  northern  hemisphere,  for  the 
purpose  of  inquiring  into  the  supi)osed  variation  of  the  geographical 
latitude,  and  for  investigating  its  laws  of  change,  leave  no  further 
doubt  of  the  fact  that  the  latitude  of  a  place  is  slightly  variable.  The 
phenomenon,  as  deduced  from  observations  in  Europe,  in  North 
America,  and  the  Hawaiian  Islands,  indi(*ates  a  periodic  variation  such 
as  would  be  produced  by  the  revolution  of  the  axis  of  rotation  about 
that  of  the  earth's  figure. 

The  length  of  the  period,  which  was  found  to  disagree  with  the 
Eolerian  period  of  about  306  days,  was  first  worked  out  by  Dr.  Chan- 
dler,* who  made  it  variable,  and  at  present  increasing,  and  assigned  to 
it  427  days,  nearly,  for  the  epoch  1876;  on  the  other  hand  Prof.  New- 
Gomiys  researches  t  point  to  a  unjform  rotation  with  a  constant  length 
of  430  days,  nearly,  as  deduced  from  observations  between  1865  and 


*  Ooald's  Astronomical  Jourual  No.  267. 
t  ABtronomische  Nuchrichten  No.  3097. 
8.  Ex.  37— 2 
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1801.  Farther,  ac<»or(ling  to  the  former  iiivestiffator,  the  half  range  of 
the  variation  is  0"'22,  whereas  the  latter  sux^pects  the  riwiius  of  the 
circle  described  by  the  instantaneous  pole  of  rotation  to  be  on  the  in- 
crease, the  Berlin  observations  tor  1890  ittdicating  0"'30. 

The  direction  of  motion  is  necessarily  fi*om  west  to  east,  and  the 
lengthening  out  of  the  i)eriod  from  30G  to  4^10  days  is  ascribed  to  the 
earth's  elastic  yielding,  the  £ulerian  period  demanding  an  absolutely 
rigid  body. 

The  assistance  afforded  by  the  Survey  for  the  elucidation  of  the  phe- 
nomenon consists  in  the  oc(;upation  of  three  stations  at  which  latitude 
observations  were  to  be  made  by  means  of  the  zenith  telesco]>e  (Tal- 
cott's  method)  on  every  fat^orable  oi*  desirable  night,  and  continued 
over  a  spa(*>e  of  at  least  (me  year.  These  stations  are  Rockville,  Md, 
(near  Washington,  D.  C),  San  Franeisi^o,  Cal.,  and  Waikiki  (near 
Honolulu),  Hawaiian  Islands.  The  observations  at  liockville,  which 
are  here  discussed,  cover  the  period  between  June,  1801,  and  July, 
1892. 

The  position  of  the  latitude  station  at  Rockville  was  connected,  in 
the  summer  of  1892,  by  Mr.  J.  B.  Boutelle,  by  triangulation  with  the 
transcontinental  arc  of  the  parallel,  and  its  geodetic  coordinates  are  U8 
follows:  Latitude  39o  O.V  11"-21;  longitude  77o  09'  .W-Ga  W.  from 
(Ireenwich;  hence  it  is  about  15J  statute  miles  or  about  25  kilometres 
N.  290  W.  (true)  fnnn  Washington,  I).  C.  We  have  longitude  of  Rock- 
ville o^  08'"  :58«  W.,  and  longitude  of  Berlin  0»'  53'"  35«  E.;  hence  Rock- 
ville west  of  Berlin  G^  02'"  1.*^.  The  astnmomical  latitude  is  30^  05' 
10"'47,  nearly,  indicating  a  local  deflection  in  the  meridian  of  A, —  G. 
=  _  0''-74. 

The  Rockville  station  was  placed  in  charge  of  Edwin  Smith,  Assist- 
ant Coast  and  Cleodctic  Survey,  by  whom  all  observations  were  nnvle. 
Between  June  13, 1801,  and  July  9,  1892,  nearly  18(M)  individual  metis, 
ures  for  latitude  were  secured  on  140  nights.  Eju'ly  in  January,  1892, 
these  records  were  placed  in  my  hands  for  rediurtion  and  rei>ort^  and 
the  temporary  services  of  two  computers,  iVIr.  A.  Bonnot  and  Mr.  L. 
W.  Reid,  were  specially  provide<l  for  the  coin]>utatiou  of  the  apparent 
places  of  the  88  pairs  of  stars  involved.  Their  mean  places  are  due 
to  Mr.  H.  Farquhar  of  the  Computing  Division. 

The  mean  north  polar  distances  of  the  stars  depend  on  the  places 
assigned  to  them  in  the  principal  and  other  available  catalogues,  cor- 
rected for  their  known  systematic  errors,  following  Boss's  system,  and 
ar(5  specially  discussed  with  respect  to  the  value  of  the  catalogue  itself 
as  well  as  to  the  number  of  observations  involved.  The  mean  places 
are  thus  closely  connected  with  Boss's  system;  the  i)roi)er  motions 
were  independently  discussed  by  the  methoil  of  least  squares  after 
each  star's  K,  P.  D.,  found  in  the  several  catah>gues,  luui  been  referred 
to  the  epoch  1891*0:  the  proper  motions  depend  on  si)ecial  investiga- 
tion, except  in  the  case  of  Bradley- Auwers  stars,  of  which  the  given 
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proper  motioD  wa8  adopted  unless  found  capable  of  improvement.    He- 
8i)eeting  weights  Mr.  Farqiiliar  makes  the  following  statement:* 

^*^Gombination  weights  used  for  adopted  polar  distances  in  Eockville 
latitude  list:  Twenty  catalogues  used  in  computing  latitudes  on  this 
Survey  were  tested  and  their  probable  errors  reported  in  June,  1800. 
These  results  were  made  the  basis  of  the  following  series  of  weights; 

the  unit  of  weight  correspon<ling  to  a  probable  error  of  zt  v^O'l"  and 
the  ratio  of  observation  error  to  systematic  error  being  taken  (for  all 

catalogues  alike)  =  V  ^^  so  that  if  woq  be  the  weight  of  an  infinite  num- 
ber of  observations  and  Wi  of  one,  ?r  =    ^*  ^  Wr^i  = =.  tri. 

n  +  5    ^      «  +  6 

"The  weight  of  no  polar  distance  therefore  can  exceed  six  times  that 
of  a  single  observation,  given  in  the  table  below: 

CATALOGUX.  10| 

Lalande  S,  Weisse-Bessel  e,  o  *oi5 

d*Agelet  a,  Piazzi  fi,  *02 

Ramker  e,  -025 

Taylor /J,  '04 

GroomDridge  /3,  "06 

Armagh  '75,  -07 

Armagh  '40,  Jacob  fl,  Smyth  0,  *o8 
Auwers- Bradley  <r,  Paris  '45 ,  Main  fl,  Glasgow,  Cape  '40  f ,     '09 

RadclifTe  'Co,  *io 

RadclifTe  '45,  *I3 

Pond  /i,  Cambridge  *30  yS,  (Ireenwich  6  y.  '14 

Washington,  '16 

Cape  *5o  e,  Bonn  /H,  Paris  '60,  Rome,  'iS 

Paris  '75,  -20 
Henderson,  C  Greenwich  7y  i ,  Melb.  /^,  Cape  '80  f ,  Ann  Arb.  e,  -25 
Struve  Pos.  M .  ft  Greenwich  1 2y  ( i  -r  2},  Brussels,  Becker  £,     '3 

Palkowa  Merid.  Circle,  Greenwich  7y2,  Cordoba  y,  '35 

Abo  /?,  Harv.  '85  €,  4 

Greenwich  9y.,  Harv.  '75,  '5 

Leiden  fi,  *6 

Romberg  a,  '7 

Pnlkowa  Vert.  Circle  ft,  Greenwich  loy,  -8 

**In  this  table  weights  were  deduced  for  catalogues  marked: 

**flr from  probable  errors  of  observation  given  in  the  prefaces  to 

the  catalogues. 

.  "/5 from  Boss's  investigations,  §  of  his  weights  being  taken — 

f.  «.,  his  unit  being  supposed  to  corrcsi)ond  to  a  probable  error  of 

"^ firom  a  determination  of  systematic  error  by  myself,  using 

Boss's  method. 

"rf ftt>m  determination  of  observation   error  by  myself  and 

formula  above  as  iu  (a). 

"e from  simple  estimate,  the  places  being  too  few  for  better 

metboda. 

•Under  date  of  Scptomber  12,  1892. 
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"Others  from  the  results  obtained  in  1890. 

"  Piazzi,  Taylor,  Jacob,  Main,  and  a  few  others  used  by  Saflft 
have  to  take  at  second  hand,  being  without  the  originals.    For 
of  the  Berliner  Jahrbuch,  Dr.  Auwers's  combination  of  the  autho 
used  by  hira  was  usually  accepted,  |  of  his  total  weights  being  all 

them  (t.  e.j  his  probable  error  taken  =  ±   -v/o'lO"  for  w  =  1)  an< 
weights  of  this  table  used  for  the  remaining  authorities." 

The  resulting  mean  N.  P.  D.'s  of  the  stars  composing  the  88 
observed  for  latitude  of  Rockville  are  given  below.  The  first  co 
gives  the  star's  number  in  the  Coast  Survey  Field  Catalogue  (Aj 
dix  No.  7,  Eeport  for  1876),  the  second  column  its  number  in  the  Bi 
Association  Catalogue  (London,  1845) ;  column  4  contains  the  sc 
of  the  probable  error  (e*),  and  th6  last  column  the  proper  motion  (/ 


No.  in— 

Mean  N.  P.  D.  for  iZgt'o. 

^ 

0f 

C.  and 
G.S. 
CaU- 

logue. 

B.  A. 

Cau- 

logue. 

I184 
1 188 
1 198 
1206 
I215 

1220 
I231 
I24I 

1247 
1254 

1262 

1275 
1278 
1280 

1294 

1316 
1330 
1336 
1354 
1360 

1367 
1381 

1382 

1386 
1392 

1397 
1407 
1418 
1424 

1432 

4706 
4726 

475« 
4812 

4847 

4874 
4906 

4958 
4980 

5031 
5071 

5122 
5130 

5178 

5315 
5348 
5466 

55" 

5520 
5574 

5575 

5597 
5628 

5647 
5740 

5765 
'5834' 

0        /          // 

64     23     30-66 
37    42      0-85 

50  42     18*25 

51  12     53-21 
73      6    5099 

28     16    2445 

52  16    50-06 
49     10    4554 
41     25     39-94 
60    25     51*42 

37    38    5592 
64    31      7*10 

48    47    4279 

48  43     5000 

53  oj32:^J35o8 

30  5    4984 
71     52    4838 

31  8    36*71 
70    35     26-17 

13    59    37*42 

87    46    3798 
36    52    5085 

3«    51  g:5J!  ^3-30 

64    55    50-59 
25    12    15*39 

76  32    52*10 
24    41    55-28 

77  6    32-80 

49  5     10-64 
53      4      440 

•02 
•02 

•07 

*OI 
*OI 

•02 
04 

*OI 

•03 
04 

08 
•06 

*OI 

•02 
•02 

•05 
04 

•02 
•02 
•02 

•01 

•03 
•04 

•07 

•03 

•05 
•05 

-02 

•05 

•02 

// 

+0*076 
-i-ooi6 
-fo-030 
~o-i49 
— 0*005 

-1-0*036 
— 0-090 
+0-043 

—0-023 
—0-019 

+0004 
-|- 0-02 1 
-I-0-0I4 
4-0014 

— 0-007 

+0032 
—0*146 

—0-345 
— 0*036 

—0*258 

+0093 
—0*024 

— 0*024 

+0*003 
+0*012 

—0-00 1 
—0-047 
+0-018 
—0007 
+0009 
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No.iii~ 

Mean  N.  P.  D.  for  1891-0. 

^ 

1^ 

C.and 
G.  S. 

loguc. 

B.A. 
Cata^ 

logue. 

0 

/        // 

// 

1442 

5860 

65 

23    30*05 

•03 

+0-004 

I44« 

36 

28    3250 

-12 

— 0-02 

1456 

'5918" 

31 

15    2479 

•07 

—0-021 

1462 

70 

39    50-59 

•06 

+0-096 

1473 

'5978' 

28 

2    3080 

-03 

+0*500 

I4>6 

5991 

73 

59    4864 

•05 

-0-099 

1502 

6079 

33 

6    3659 

•Of 

—0-070 

1514 

6106 

6& 

'41r^}'3» 

•04 

— 0-015 

'539 

6203 

47 

52    3970 

•03 

+0-008 

1547 

6235 

53 

59      4*06 

•05 

— 0-020 

1589 

6404 

48 

40    31-69 

•04 

+0-025 

6456 

53 

9    51-90 

•03 

+0-0I0 

'1608" 

6466 

53 

14    22-67 

-04 

— 0-006 

1628 

6520 

43 

13     io-6o 

-04 

+0-092 

1641 

6571 

58 

53    5365 

•03 

+0*009 

1648 

6582 

68 

57    2931 

-09 

— 0-005 

1666 

6640 

32 

33    3971 

•05 

o-ooo 

1676 

6667 

53 

54      1-94 

•03 

—0-007 

1690 

6718 

47 

49    3400 

•04 

-I-0035 

1718 

6794 

71 

7    51-56 

-04 

— 0-021 

1 741 

^52 

30 

34    4623 

•04 

—0045 

1756 

6895 

40 

1 1     54-87 

•02 

+0-005 

»779 

6957 

61 

38      7-21 

•04 

40045 

1801 

7022 

50 

5    3134 

-01 

+0003 

1809 

7061 

51 

55      274 

•04 

+0-052 

1819 

38 

3    4080 

•04 

—0-067 

1825 

7126 

63 

55        2-22 

•03 

+0-024 

1852 

7211 

23 

44    20-15 

•03 

—0-023 

1859 

7223 

77 

5 1    4369 

•04 

—0-086 

1885 

7301 

42 

54    16-44 

•03 

+0-0I4 

1896 

^^^«B 

59 

15      8-85 

•08 

—0-02 

1917 

•  «•«. 

57 

51      0-80 

-05 

0-00 

1926 

7455 

43 

45    27-45 

•12 

— 0-049 

1948 

7542 

28 

24    3533 

•02 

+0016 

1959 

7567 

73 

8    5942 

-04 

+0-017 

1968 

7598 

41 

II    41-19 

•Of 

+0-016 

1971 

7607 

60 

19    5967 

•04 

+0-039 

1974 

7627 

64 

35     1546 

•02 

+0-014 

1984 

7676 

37 

38    3592 

•05 

+0-007 

2004 

7749 

32 

20      975 

•03 

+0-007 

9020 

7807 

69 

42      9-09 

•03 

+0-031 

2026 

V  •  •• 

50 

44    4380 

-05 

+0-0I8 

•.•..— 

7879 

50 

56      958 

•10 

+0-026 

ao43 

7880 

50 

55    47-40 

•08 

+0-026 

2047 

7901 

51 

31      1-27 

*02 

+0-012 
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No. 

In- 

Mean  N.  P.  D.  for  1891-0. 

^ 

P' 

C.  and 
G.S. 
Cata- 
logue. 

B.  A. 

Cata- 
logue. 

0 

/        // 

// 

2055 

7915 

50 

20    3777 

•04 

-f  0-008 

20S9 

7932 

48 

45      lO'lO 

•03 

— 0002 

2063 



53 

9    2388 

40 

-f-0053 

2070 

7972 

47 

16       1*36 

•03 

—0*009 

2078 



54 

13    4804 

•06 

—0-008 

2093 

8039 

23 

22    42*09 

•02 

— o-oio 

2I2I 

8149 

78 

17       132 

•03 

+0*032 

2I3I 

61 

56      534 

•14 

-f0*020 

2142 

8231 

40 

7    54-98 

•03 

4-0-0I2 

2154 



33 

9     "473 

.14 

-f-005 

2159 

8296 

68 

9 

56      677 

•08 

4-0030 

2178 

8366 

29 

17    3457 

•07 

— 0*003 

4 

8 

72 

23    3840 

•04 

+0035 

10 

28 

49 

33    59- 1 1 

•04 

4-0*142 

22 

67 

52 

38      684 

•02 

4-0*038 

27 

102 

74 

9    27*84 

•07 

+0*023 

32 

126 

27 

40    1172 

*OI 

+0009 

45 

166 

59 

44      813 

-01 

+0093 

55 

198 

42 

18    44-41 

•01 

+0*014 

66 

227 

49 

30    5336 

•03 

+0-02I 

77 

259 

52 

5    3138 

•01 

— 0-020 

93 

3H 

35 

36    5288 

•02 

+  1*561 

III 

365 

65 

59    3717 

•05 

+0*030 

134 

456 

31 

'9    39*54 

•03 

4-0-026 

150 

523 

70 

15    4189 

•03 

+0*678 

176 

614 

36 

2^  23-22 

•03 

+0010 

196 

693 

65 

27    45*30 

•09 

4-0*097 

202 

710 

61 

51     39*23 

•03 

4-0018 

208 

735 

40 

12    5452 

•02 

4-0025 

220 

786 

55 

47     "7*27 

•03 

+0051 

232 

829 

46 

10      0'47 

•04 

+0-017 

242 

870 

72 

59    2178 

•04 

+  0012 

250 

•  —  ^m. 

28 

55    2756 

•05 

—004 

259 

918 

38 

4    5643 

•03 

+0033 

263 

94" 

63 

58     1056 

L  1893*0  J 

•04 

+0-017 

275 

974 

61 

// 
20    23*65     970 

•03 

+0-038 

287 

1007 

40 

10    39-86  2640 

•04 

+0*031 

292 

1025 

61 

20    5062   37-36 

05 

+0-039 

297 

1043 

40 

31    3865   2557 

•02 

+0*037 

306 

1062 

31 

29    59*40  4659 

•04    '05 

'—0*007 

331 

"35 

70 

38    57*43   45*67 

•03 

+0*019 

370 

1253 

66 

"     40'98    30* J^' 

05 

4-0*022 

378 

•--» 

35 

27     3724    2740 

•14    -16 

-rOi3 

392 

1286 

28 

25     29-14    19*69 

•03 

+0*013 

417 

1350 

73 

28    39*99   3»-35 

•07 

4-0036 

430 

59 

52     52*47    44*  20 

-08 

+004 

456 

41 

54    4294   3558 

05 

+0043 
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Results  of  obserrafioitH  for  the  rariaiion  of  latitude  at  RocJcville,  Md, 


No. 

in— 

h7 

Mean  N.  P.  D 

.  for  1 891- 1 893. 

#« 

l» 

r.ami 

t  au-  •  ,^""- 

0         / 

//           // 

// 

463 

1449 

67      15 

()-96     2*77 

•02 

4-0'02I 

479 

1494 

34    55 

1S22    11-88 

•05 

-f  o-oii 

483 

1504 

36    25 

2344    1728 

•03 

—0009 

491  !  1528 

65      7 

6-91      ro7 

•03 

-fo*o6i 

512  !  1591 

74    32 

2784 

•05 

4-0005 

520  i  .... 

27     27 

4589 

•12 

531    -.-. 

49      4 

3924 

I'20 

-0015 

533    1663 

1 

52    42 

5^-36 

•04 

4-0-0I2 

562 

1751 

24    21 

4320 

•05 

4-0039 

577 

1846 

77    23 

0-56 

•09 

-f-0-024 

606 

^  ^  ^ » 

60    28 

47-07 

•12 

O'OOO 

611  .  1963 

41     16 

4-66 

•07 

-fo-o68 

700    2381 

48    55 

3227 

•01 

-j-o-ooi 

1 

705    2416 

53      2 

i2-8o 

•04 

-f  0-023 

718 

2404 

58      0 

4-50 

•02 

— o-i8o 

729 

2488 

43    34 

5649 

•07 

46040 

745  !  2558 

71     13 

3687 

•04 

-f-0056 

757  '  .— 

30    39 

36-86 

•03 

— 0*0I2 

769 

2707 

21     12 

31-62 

•03 

—0-003 

776 

2778 

80    28 

553' 

•02 

40-055 

781     2792 

36    25 

5891 

•09 

-f  0-103 

792  i  2850 

65    33 

1876 

•03 

-f-0-071 

796  '  2876 

24    36 

2338 

•05 

—0-097 

804  j  2942 

76    55 

56-04 

•04 

4-0-004 

813  :  2982 

27    38 

3-45 

•01 

— 0-017 

825     3047 

74     15 

4868 

•04 

—0-020 

835     3087 

22    41 

3739 

•03 

-fo-043 

842  ■  3111 

78    53 

5088 

•03 

40005 

849  '  3MO 

35    31 

5707 

•04 

— o-o66 

865  !  3246 

66    33 

21-79 

•02 

-foo40 

873     3273 

58    21 

16-88 

•20 

4005 

888  •  3341 

43    28 

3431 

•02 

40098 

9"  ;  3505 

46    32 

47-68 

•01 

40-047 

921     3542 

55    32 

4882 

•09 

4  0-020 

926  I  3572 

52    44 

22-43 

•01 

-f  0.104 

932  1  3607 

49      I 

8-42 

•05 

4-0'oi6 

936  i  3639 

35    46 

5-50 

•10 

4  0-082 

945 

3671 

66     14 

47-00 

•03 

-0014 

952 

— 

''{i; 

39-76? 
19-29^ 

•04 

I 

r  +0034 
\  4-0-064 

958 

3742 

64     40 

27-70 

•02 

4-0-015 

966 

2767 

33      2 

19-71 

•01 

—0-030 

976 

3834 

68    53 

478 

•01 

4-0137 

1003 

3964 

68      2 

5083 

•04 

-fo-o6i 

loio 

3985 

33    46 

15-23 

•04 

4-0-025 

1022 

4052 

82    47 

0-54 

•03 

4-0031 

1035 

4122 

19     11 

5577 

•04 

4-0-022 
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t 


No.  in- 

Mean] 

N'.P.  D.  for  1893-0. 

^ 

1*' 

C.  and 
G.S. 
Cata- 

B.  A. 

CaU- 
logue. 

I 

0 

/       // 

// 

1044 

4148 

40 

24     5875 

.07 

— 0W4 

1057 

4195 

61 

7     5242 

JOI 

+0^5 

1063 

4216 

3« 

0      0*27 

•02 

--0^7 

1070 

J424I I 
U242S 

71 

'  \  4208  / 

•03 

—0019 

1094 

4335 

33 

27     14-38 

•01 

-fot>i6 

II09 

4387 

68 

16       1-65 

•03 

+0^56 

II18 

4433 

•'   49 

16    30*69 

•03 

—0-008 

II28 

4479 

52 

24        7'2I 

•05 

— o-ooi 

"37 

4526 

65 

5    31-95 

•30 

-fo-19 

1 149 

4564 

36 

31     57-68 

•07 

— 0-059 

1 162 

4607 

40 

8    5'-39 

•02 

-fooi8 

1 1 75     4656 

1 

61 

58    4105 

•02 

4  0-057 

For  star  [1819]  C.  and  G.  8.  Catalogue,  the  catalogues  contained  no 
late  determinations,  but  observations  of  it  were  found  at  six  Coast 
Survey  stations,  which  furnishe<l  the  means  of  deducing  for  it  a  satis- 
factory place. 

To  secure  accuracy  in  the  apparent  pla<'es  two  independent  compu- 
tations were  made,  the  computers  using  the  independent  star  (or  day) 
numbers  contained  in  the  American  Ephemerisand  Nautical  Almanac. 

The  instrumental  constantH  are  as  folhrws: 

Equatmial  interval  of  rertieal  threads  of  diaphragm,  I  to  II  =  8«"56 
and  of  II  to  111  =  8'''84,  thread  11  reiuesenting  the  line  of  collimation. 
The  value  of  [  =  i  sec.  rf,  where  t  =  8«-7,  was  tabulate<l  for  dilfereut 
values  of  d  to  be  used  in  connection  with  the  usual  table  for  the  reduc- 
tion to  meridian. 

Level  i^alucHy  recapitulation  of  results  from  the  several  sets  of  obser- 
vations. 

Level  No.  7,  the  upper  level,  as  attached  to  the  telescope  is  graduated 
from  0  to  50  divisions.  Two  sets  of  observations  on  each  date  were 
made  with  a  level  trier,  the  bubble  being  made  to  traverse  with  for- 
ward and  backward  motion.    The  results  are: 


// 


January  ii,  1892 

12,  1892 

May   22, 189I 

January  13, 1893 

Mean 


I  division  -r-r  1632  at  —    0-4  C 
I  640       -f-     9*6 
1*547       -f  239 
1-589       +  37-9 


i-6oo       -f  17*8 

dr   14 
N.  B. — Two  »ets  made  May  19, 1892,  at  38°o  C.  gave  i  divis- 
ion --.  i//-632,butthetube  was  thought  not  sutliciently  protected. 
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// 

I  diyision  =  1*393  at 

1*374 
1-342 

1*348 

0 

—    0-4C. 
+    9*6 
+  i9-a 
-h  37*9 

1*361 
dr  8 

+  16-6 

Results  of  observations  for  the  variation  of  latitude  at  Rockvillej  Md. 

Similarly  we  have  for  level  Ko.  13,  the  lower  level,  graduated  from 
GO  to  110  divisionfi: 

January   11,1899 

12, 13, 189a 

May     18, 1891 

January        13, 189a 

Mean 

N.  6. — A  series  of  observations  made  on  the  same  day  as  abore 
(May  19)  was  rejected  for  like  reason. 

In  the  latitude  reduction  the  average  value  or  l"-482  ±  0''*010  was 
nsed  irrespective  of  the  temperature,  changes  ot  which  appareutly  do 
not  sensibly  affect  the  value.  As  each  level  was  read  twice  before  and 
after  reversal  of  telescope,  any  error  of  reading  cJould  readily  be  detected. 

The  investigation  of  the  value  of  the  micrometer  screw, — ^A  large  num- 
ber of  observations  were  made  to  determine  the  value  and  irregularities 
of  the  screw.  This  was  the  more  demanded  since  the  sums  of  the  mi- 
crometer corrections  to  the  latitude  do  not  exactly  balance  in  the 
several  g)x>ups.  Observations  were  made  about  the  time  of  elongation 
of  the  star,  and  for  that  part  of  the  screw  contained  between  20  and 
40  turns,  also  for  ^,  ^,  and  }  turns.  Corrections  were  applied  for  devi- 
ations from  the  mean  state  of  level  during  a  series  of  observations,  also 
for  curvature*,  but  not  for  rate  of  chronometer,  which  was  too  small  to 
have  any  effect.    The  correction  for  differentisd  refraction  was  applied. 


Whole 

Rela- 

%.T^ 

Date. 

—  - 

Star. 

Elon- 
H^atloD. 

turns 

and  frac- 

tion.s. 

Temper- 
ature. 

Value  of 
one  turn. 

Probable 
error. 

tive 
weight 

No. 

of 

set. 

0 

// 

// 

1 891,  June 

8 

"X  Urs.  Min. 

E. 

itoi 

+  16-5  C. 

44-641 

±0008 

2 

I 

9 

7.  Urs.  Min. 

E. 

itoi 

-f-2o-5 

•660 

8 

2 

2 

10 

X  Urs.  Min. 

E. 

itoi 

-f-2I-0 

•616 

4 

2 

3 

Sept. 

18 

a  Urs.  Min. 

E. 

itoi 

+24*5 

•637 

9 

I 

4 

19 

a  Urs.  Min. 

E. 

^to^ 

+  21-7 

•632 

9 

I 

5 

21 

a  Urs.  Min. 

E. 

itoi 

+233 

•613 

5 

2 

6 

23 

a  Urs.  Min. 

E. 

itoi 

+250 

•660 

II 

I 

7 

24 

a  Urs.  Min. 

E. 

itoi 

-f22'0 

*6S3 

8 

I 

8 

1892,  Jan. 

27 

a  Urs.  Min. 

W. 

|toi 

—  7'0 

•740 

10 

0 

Feb. 

22 

a  Urs.  Min. 

W. 

^toi 

+  2-9 

•683 

10 

I 

9 

23 

a  Urs.  Min. 

W. 

itoi 

-h  04 

•666 

6 

2 

10 

Mar. 

3 

a  Urs.  Min. 

W. 

itoi 

+  1*9 

*653 

4 

2 

II 

9 

a  Urs.  Min. 

W. 

itoi 

+  7-6 

1 

44-634 

±0*005 

2 

12 

*  A  table  was  used  for  the  Tarioas  Talnes  of  i  (15  sin  Vy  r* 

When  these  values  tbv  one  turn  at  the  several  temperatures  were 
plotted  they  indicated  a  dependence  on  t  and  t'.    They  were  treated 
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accordingly,  and  the  expres.siou  for  value  of  one  turn  or  revolution 
of  the  screw  or  E  =  44"-6773  -  0-00805  t  +  0000311  fi  was  found  to  rep- 
resent the  above  tabular  values,  but  when  applied  for  the  reduction  of 
the  latitude  observations  made  at  Ivw  temperature  the  formula  failed 
to  be  satibfiEictory.  It  bec^ame  evident  that  the  micrometer  observations 
made  at  the  temperature  —  7*^*0  C.  had  to  l>e  rejected,  though  not  sua- 
l)ected  at  the  time.  The  12  conditional  and  2  normal  equations  were 
then  formed  anew,  whence  the  final  value  R  =  44"-G600  —  0H)01150  t 
It  represents  the  observations  as  follows: 


Set 

R 

observed. 

// 

R 

computed. 

c— 0. 

• 

// 

// 

I 

44-641 

-  44-642 

-f-ooi 

2 

•660 

•637 

-023  . 

3 

•616 

•636 

-J-020 

4 

•637 

•632 

—  005 

5 

•632 

•636 

+•004 

6 

•613 

•634 

-h-02I 

7 

•660 

•632 

—  028 

8 

•653 

•635 

—•018 

9 

•683 

•657 

—•026 

lO 

•666 

•660 

— -006 

II 

•653 

■658 

+  005 

12 

•634 

•652 

-foi8 

The  probable  error  of  an  observation  of  unit  weight  Is 

.675/«g?=  i  0".016  ' 
and  the  probable  error  of  resulting  value  of  B^ 

It  may  be  remarked  that  the  screw  has  100  threads  to  the  inch,  or 
to  2.540  cm.;  hence  one  turn  moves  the  thread  |  mm.  and  one  division 
corresponds  to  a  linear  move  of  0*0025  mm. 

Investigation  of  the  progrvHsive  and  periodic  iiu'qHaHtieH  of  the  Hcreic. — 
The  value  of  the  screw  for  the  successive  intervals  40  —  30, 39 J  —  20|, 
30J  — 29^,  39J  — 294,  39  —  29  turns,  etc.,  gave  the  above  average 
value  of  R  for  the  whole  screw  from  turn  20  to  turn  40;  hence,  by 
comparing  this  value  with  the  individual  values  at  the  diD'erent  parts 
of  the  screw,  reckoned  from  its  middle,  and  taking  means  of  corresiM)ud- 
ing  values  for  all  the  sets  available,  we  get  the  following  corrections : 
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Sesutts  of  abservatians  far  the  variation  of  latitude  at  RockvUUj  Md. 


Turns. 

Divisions. 

Adopted 
correction. 

Turns. 

Divisions. 

Adopted 
correction. 

// 

// 

At  40 

4-0-2 

+.09 

At  30 

4- -05 

+•13 

39 

+0-I 

.00 

29 

-I--OI 

+•18 

38 

-0-3 

—.04 

28 

4-07 

4-18 

37 

— o-i 

.00 

27 

-fo-3 

+•13 

36 

O'O 

4-04 

26 

—0.2 

+  13 

35 

-fo-3 

-4-'04 

25 

-fo-4 

4- -09 

34 

O'O 

•00 

24 

-fO'I 

4- -04 

33 

— 03 

—•04 

23 

4-0-0 

—•04 

32 

—O-I 

—•04 

22 

08 

-13 

3» 

— 0-2 

+•04 

21 

— o*6 

— -22 

— 

20 

1 

— 0-8 

—•31 

The  adopted  conections  are  simply  the  smoothed  out  vahies  of  the 
prei^eding  column  converted  to  seconds  of  arc.  Thus  betweeu  40  and 
30  turns  the  screw  is  quite  perfect,  but  less  so  towards  the  other  end. 

The  micrometer  reduction  to  the  latitude  includes  this  correction. 

Periodic  inequaUtif  of  the  screw. — A  discussion  of  the  measures  of 
quarter,  half,  and  three-quarter  turns,  indi<*ated  that  any  periodic  ine- 
quality of  the  screw  was  too  small  to  be  detected  with  certainty  from 
the  material  on  hand;  the  mean  correction  from  13  determinations  at 
any  of  the  above  fractional  turns  would  not  amount  to  0''*02. 

Intervals  of  the  micrometer  threads  1, 2,  and  3. — The  part  of  the  screw 
utilized  in  the  latitude  work  generally  falls  between  turns  fiO  and  40, 
but  for  larger  micrometric  differences  the  tixe<l  threads  1  or  3  were  em- 
ployed iustead  of  2,  the  middle  thread.  By  means  of  a  collimator  a 
aeries  of  measures  of  the  intervals  was  made  with  the  following  results: 


September  as,  1891. 
Space  between  threads  i  and  2 
Space  between  threads  i  and  3 
Space  between  threads  2  and  3 


Turns  and 
divisions. 

9  9418 
19  9763 
10   0345 


// 


Diff.  from  10  whole  turns  2*60 
Diff.  from  20  whole  turns  ro6 
Diff.  from  10  whole  tunis  1-54 


Thread  3  was  found  unsatisfactory,  it  being  slack  and  dragging  on 
the  vertical  threads,  and  w«^  soon  abandoned.  About  June  12,  1S92, 
the  spring  holding  the  micrometer  slide  became  weak ;  the  slide  was 
therefore  removed.  The  space  1  to  2  was  found  to  have  changed  in 
consequence,  and  was  redetermined  August  24  and  20,  1892.  The 
weighted  mean  of  six  sets  of  measures  gave  the  value  4''*91  for  the  dif- 
ference trom  ten  turns,  which  quantity  was  used  after  June  12,  1892. 

The  reduction  of  the  observations  for  latitude  was  made  in  the  usual 
way«  checked,  scrutinized,  and  results  tabulated.  A  few  obvious  mis- 
readings  of  the  whole  turns  or  other  similar  errors  were  correctetl  and 
a  few  observations  with  results  too  wide  fi'oni  the  truth  for  a  possible 
error  of  measure  were  rejected  with  the  consent  of  the  observer.  In 
ally  1780  individual  results  for  latitude  were  secured.  These  are  given 
in  the  following  table: 
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RcHuUsfor  latitude  of 


PAirNc 

>  — - 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

C.and.G.\ 
S.Cat.  / 

IIS4 

II98 

I215 

I23I 

1247 

1262 

1280 

1316 

1336 

1360 

1382 

1188 

1206 

1220 

1241 

1254 

1275 

1294 

1330 

1354 

1367 

1386 

i89i 

• 

June 

13 

957 

10*22 

107 1 

IO-77 

9*84 

996 

10*91 

10*23 
10*28 

10*50 

10-85 

10-85 

15 

'946 

10-50 

10*36 

10*65 

..  «. 

1032 

1113 

10*64 

10-85 

10-76 

23 

IO-J3 

9'h 
10-48 

IO-54 

10*90 

10*24 

11-04 

10*74 

-•  .. 

24 

10*32 

11*50 

10*78 

11-30 

IO-95 

10-94 

as 

10-31 

11*27 

IO-49 

II -02 

10*67 

10^99 

27 

1113 

"•30 

11*36 

10-66 

10^3 

fo-88 

10*87 

July 

5 

10-56 

11-13 

11-17 

10*46 

10*60 

10*51 

10-44 

• 

6 
10 
12 

21 
22 

27 
29 

10-66 

1036 

11*13 

IO-43 

10*72 
10*51 
11*22 

tl*i9 

IO-35 
969 

10*62 

10-45 
10-52 

999 

10-47 
10-21 
10*61 
10-56 

10-90 
10-79 
10-10 

10*32 
10P63 
10*21 
10-57 

" 

31 

Aug. 

7 

9 
10 

II 
14 

15 
17 
22 

Sept. 

1 

3 

7 

9 

10 

12 
13 

14 
15 
17 

• 

a 
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Boetvilley  Md.^  1891-^92. 


12. 


13.        14.         15.         16.         17. 


:S. 


19. 


20. 


21. 


22. 


23. 


24. 


1392    1407    1424    1442    1456    1473    1502    1539    1589    1628    1648    1676.  1718 
1397    1418    1432    1448    1462    1476    1514    1547    1608    1641     1666    1690    1741 


11-60  10-54  9-95  10*96  10*64 

11-97  11*25  9*45  ii'ii  11*42 

ii-6f  11*05  10*83  1^71  1 1*25   10*93     977    >^4> 

I1-81  10-99  11*46  10*95  ii'H    11*4^     9*61    i<^'55 

11*90  11*09  10*50  11*22  11-35    11*20     950    10*62 


10*97  10*96  11*66  11*81  11*57 

11-57    10*93  '^'^  1^93  fo5  '1*55 

11-79   10*64  9*87  11*07  .. ..  11*45 

11-20   10*30  10-43  11*19  iO'43  10*96 

11-54   10*98  9.83  9*74  10*58  10*76 

11-42    10*50  9*96  10-65  10*68  11*06 

11-50  10*55  9*86  10*87  10*71  10*89 

11-58    10*83  10*40  10*63  'o*93 

11-45    *^79  '^'^  '^57  iO'34  '0'53 

10*40  10*87  10*64  11*27 


IO-02 

9-74  10*63 

10*04  10*82 

9*56  10*18 


11*00 
11*13 
10*93 
10*90 


iri7 
ii*ii 

11*22 

1070 
10*89 


972 
956 

9*95 
9*53 
9*35 

978 
991 
989 
9*74 
985 

998 
9*82 

9*75 


lO'OI 


10*78 
10*83 

9*73 
io*o8 

958 
10*29 
10*38 
10*23 
10*29 


io-8o  10*37  10*22  10*24   ^^'Z^ 

iO'o8  10*59  10-15  '0*51    10*61 

10*32  10*20  10-09  10*69   10*48 

10*28  9*68 

10*70  10*39  io*57  10*65    10-84 

10*16  10*28  10*24  10*71    10*23 


9*93    10*29 

10*17    10*09 

9*98   10*36 


10*28   10*10 

IO-39 

10*30    io*55 


10*40  10*89 
10-61  10*42 
10*62   10*36 


1 1*1 1    10*02    10*17 
ll'io     9*48   10-08 


10-31 
10-17 
10-12 
980 
10*13 

10*93 

10*45 
10*10 

9*55 
9*71 


10*58     9*97    10-25    io*i6 


»o*34 

IO'2I 
I0'20 

IO-34 

10*58 

10*26 

9-84 

10*20 


10-18    10*61 
10*09    10*32 

10*08     10*00 


987  1055  10*59 

10*41  10*72  10-28 

io*33  10*68  10*09 

9*30  10*94  io-o6 

1007  10*39  10*19 

9-83  10*30  10*28 

9-89  io*34  10-50 


10*20 
990 
987 


10*23 
10*19 
I0'6i 


10-56 

10*85 : 

10-54 
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U.   8.    COAST   AND   GKODETIC   SURVEY. 


Pair  No 

— •  _  — 

25- 

26. 

27. 

28. 

29. 

30. 

3>. 

32. 

33. 

34. 

C.  &  G 

.  S. 

1756 

1801 

1819 

1852 

1885 

1917 

1948 

1968 

1974 

2004     : 

Cat. 

1779 

1809 

1825 

1859 

189b 

1926 

>959 

I97I 

1984 

2020 

Aug.  • 

7 
9 

lO 

II 
14 

10*64 
1067 
io-6i 

10-97 
1 086 
11-04 

10*80 

IO-45 
10-67 

10-21 
10-54 

10-34 

• 

Sept. 

22 

I 

10*40 

10*62 

10*76 

10-32 

10-70 

10-72    ] 

[0*21 

10-40 

9S4 

10-58    I 

10-26 

10-88 

10-25 

10*07 

9-89 

•••  -  -    ' 

[o*74 

10-68     1 

to-60 

10*72    I 

3 

1015 

10-86 

10-42 

10*17 

995 

9-90    ] 

10-54 

10*46     1 

IO-35 

996    I 

7 
9 

10-39 
10-27 

10-86 

10-20 

1014 
10*40 

10-76 

10-36 

KM    MM 

10-50    ] 

10-78 

10*50     1 

10*79 

10-84    I 

lo 

IO-75 

10-97 

10-65 

10*38 

995 

10-38    1 

1063 

10*62     1 

10-30 

10-87     * 

12 

«3 
14 

IO-35 

10-78 

10-28 

10-00 

989 

10-07    ] 

10-06 

9*98     1 

[0-I2 

10-68 

10*42 

IO-99 

10-84 

10-26 

9.99 

IO-68    i 

10*64 

10*67      1 

10-30 

10-64    I 

15 

10-20 

10-78 

10-92 

a.   *       ••  * 

999 

10-27    1 

[0-72 

10-44     1 

[0*48 

10-36    I 

17 

IO-39 

10*96 

10-09 

10*17 

969 

1036    ] 

[028 

10*17     ] 

10*37 

IO-68 

i8 

11*27 

io*57 

9-82 

10-21 

10-64    1 

10-45 

10*08     1 

to*57 

10*68 

19 

11*30 

11*11 

IO-45 

1 00 1 

1062    1 

[0-41 

10*23     ' 

10*84 

10*62    I 

21 

IO-66 

IO-39 

10-46 

9*97 

10-34    1 

[0*07 

io-3'2    1 

10-44 

10-78    I 

23 

10-84 

10-72 

10-40 

10*05 

10*74    1 

1037 

10-62    1 

10-96 

10*50    I 

24 

IO-66 

10-43 

995 

953 

9-41 

993 

10-11    ] 

[0-28 

10*35 

25 

11-14 

10*72 

976 

994 

1048    1 

10-20 

10-15    ] 

[049 

10*47 

26 

11*14 

IO-77 

1038 

9*93 

9*94    1 

10-15 

IO-37    1 

[0-I5 

10*40 

28 

10-90 

10-64 

10-10 

10*25 

10-26    ] 

10-19 

•10-42    ] 

10-37 

10*77    I 

30 

10*96 

IO-66 

10*50 

- .-  .  — 

9-91    1 

10-03 

10-34    ] 

IO-45 

10-33 

Oct. 

3 

11-57 

10-59 

io*33 

IO-47 

Q-97    1 

10-82 

10*13    1 

to-44 

IO-73    I 

5 

10*86 

10-33 

10-48 

985 

1008    1 

IO-22 

9-92    1 

10*59 

10-75    ■ 

9 

11-24 

IO-79 

10*11 

10-13 

10*67    1 

1006 

10-24    1 

tro4 

10-65    1 

14 

10-85 

io*57 

10*38 

10-05 

10-29    1 

[O-O7 

10-39    1 

10-38 

10*59    1 

15 

IO-95 

10*42 

iO'i6 

10-17 

10-46    1 

tO-06 

0-96    1 

10-78 

10*62 

16 

11*04 

io*8i 

10-24 

10-18 

10-12    ] 

1017 

10-10    ] 

io-o6 

10*22 

17 

10*73 

10-13 

I0'06 

979 

975 

9.99 

1013    ] 

[0-69 

10-05    ' 

22 

IO-33 

23 

10-89    I 

24 

10-88    I 

28 

10-28 

29 

10*76 

30 

10*85    I 

3« 

10-28    _ 

Nov. 

I 
a 
6 

7 

9 

17 
18 

20 
23 

24 
29 
30 

10*54 

10-35 
10-05 

10-52 
10-30   I* 

Dec. 

I 

4 
5 
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3^-      37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

2CX4.7    2059 
2055    2063 

2070 
2078 

2093 
2121 

2131 
2142 

2154 
2159 

2178 

4 

10 
22 

27 
32 

45 
55 

66 
77 

93 
III 

10-56  io«59 

9-83 

10-13 

■■■•  »•» 

10-63  *0'85 

10*14 

10-46 

11-08 

"0-53  1075 

9'9S 

10-02 

IO-97 

10-4.2  10-39 

'9-81 

10-27 

10*62 

10  8«  10-82 

1033 

lO'OI 

10*52 

«o-30  10-85 

9-98 

10-19 

10*67 

• 

10-45  10*76 

10-36 

10-60 

10*90 

10-62  10-79 

10-13 

10-78 

10*91 

>o-49  10.56 

959 

10-07 

_-  .. 

I0-40  10-40 

10-15 

10-06 

IO-47 

10-33  IO-35 

9-82 

10-27 

1073 

9-9«  10-73 

10-18 

10-29 

io-o6 

10-3^  10-87 

9-80 

10-59 

10-61 

»o-77  10-84 

9-86 

IO-49 

10*84 

'0-50  10-58 

9-45 

10-13 

10*71 

'0-I3  10-42 

9*68 

10-41 

10*56 

'^"-l-S  ""oi 

10-04 

994 

10-28 

10-30 

10-4.3  ionS5 

9*95 

1019 

10-36 

— —  — ■■ 

^^'33  10-13 

9-61 

10-24 

10-30 

•  -  __ 

io-4a  IO-59 

10-05 

1053 

1077 

M  *        MM 

m 

9'S8  10-25 

9.72 

_   —         •  • 

10-oc  10-57 

9-92 

994 

10-59 

10-29 

10-52 

10-85 

10-47 

10*22 

10-15 

10*57 

»0"36  10-38 

9.92 

9-68 

10-91 

10*25 

9*46 

10*13 

10*50 

985 

9*27 

lO'lO   ' 

10-16    975 

10-09 

lO-Il 

10*11 

10*2! 

10*39 

10-83 

9.92 

io*94 

IO-37 

10-46  1 

10-58  10-46 

973 

10-25 

1087 

10*52 

io*6o 

11*26 

1070 

io*6o 

10*62 

10*31  '■ 

^0-37  10-51 

10-15 

10-75 

IO-77 

1050 

10*69 

11-09 

10*65 

iO'99 

10*67 

10-41 

i 

10-58  10-30 

■9-67 

1006 

10-48 

1013 

1057 

11*30 

10-96 

10-92 

10*79 

I 

10-56 

10-03  10-67 

954 

988 

10-41 

io*8i 

10-40 

10*60 

101 1 ' 

10*45 

10*19 

10-38  : 

10-36  10-4  2 

938 

9*93 

1080 

9*98 

10-19 

1083 

10*37 

10*56 

10*02 

10*09 

9*86  10-28 

959 

9.97 

10-63 

10*38 

10*49 

11*09 

10*42 

10-89 

10*42 

1017  . 

10r23   10-41 

995  10-19 

10-75 

10-45 

10-20 

10*63 

9*91 

10-38 

9.Q0 

10*65 

■ 

10-91 

10-29 

—  «    MM 

1055 

11-19 

10*65 

io-8o 

10-78 

IO-2I 

10*33 

10-43 

10-75 

"•37 

970 

10*69 

10*75 

1048 

10-07 

10-98 

10*04 

10-57 

IO-34 

10*64 

10*26 

10-14 

10-91 

1008 

10*30 

1018 

i'o-34 

10*26 

10*59 

10*45 

10-24 

10*19 

10-25 

10-25 

1030 

10-34 

10-73 

10-00 

lO-U    ' 

1030 

1074 

10-67 

11*17 

— —  -  - 

M  «    MM 

-—    -  - 

10*50 

10*37 

10*51 

10*66 

IO-68 

10*50 

10-14 

IO-43 

1073 

10*56 

IO-33 

1055 

10*41 

V  —    —  - 

IO-74 

--  -- 

10*58 

10*67 

10*76 

10-48 

IO-44 
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tr.  8.  COAST  AND  GEODKTIC  SURVEY. 


Pair  No 

.•»« 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

C.  &  G.  S. 

>3* 

176 

202 

220 

242 

259 

275 

292 

306 

370 

Cat. 

150 

196 

208 

232 

250 

263 

287 

297 

331 

378 

1S91 

• 

Oct. 

23 
24 
28 

29 
30 

31 

iO'66 

1073 
iroo 
10*40 

Nov. 

I 

1053 

2 
6 

IO-54 
10*08 

• 

7 

9 

17 

iO'4i 
10*64 

18 

"998 

11*17 

_•  .  . 

fi*i4 

10*34 

10*24 

9*09 

9*0$ 

20 

10*62 

10*09 

9*91 

11*42 

IO-77 

10*77 

10*13 

9*90 

23 

io*6o 

975 

10*48 

10*80 

10*74 

10*43 

lo-io 

963 

24 

IO-34 

979 

10-31 

nio 

1052 

10*32 

9*47 

976 

29 

999 

9*8o 

10*30 

>o;77 

1057 

10*60 

963 

971 

30 

.-  .. 

•  B  —  ~ 

-_  -  - 

- .  -  • 

..~  -  - 

-  •  -  - 

.—  _  - 

-.  .. 

Dec. 

I 
4 

970 

974 

10*58 

10*92 

11*15 

10*87 

io*o6 

9*98 

5 

1073 

10*38 

10*45 

11-34 

10*83 

10*70 

10*30 

10*05 

8 

10*58 

1003 

10*50 

iri6 

1076 

10*54 

10*23 

991 

10*75 

9*77 

9 

11*07 

IO-74 

10*87 

11*62 

10*68 

10-53 

10-47 

9*97 

11*02 

9*86 

10 

11*07 

996 

10*17 

I  ^'33 

1105 

10*49 

9*72 

10*21 

10*67 

977 

13 

10*94 

9*b9 

io*6o 

11*03 

10-82 

1069 

10*89 

9*80 

10*24 

956 

18 

10*  I J 

992 

IO-43 

10*72 

IO-44 

990 

9-57 

979 

10*28 

9*53 

28 

i  "-32 

10*24 

10*37 

10*78 

10*50 

1 035 

999 

9*68 

10*84 

949 

30 

10*41 

976 

lo-oi 

10*99 

10*46 

10*07 

982 

9*37 

10*89 

S94 

1892 

• 

1 

Jan. 

7 
8 

16 

20 

21 

24 

25 
28 

3' 

9*46 

lO'OI 

975 

984 

10*26 

9*62 

9*92 

10*20 

9*51 

983 
IO-47 

io*i6 

948 

9*46 
946 
9*68 

IO-53 

IO-44 
io*6i 

10*78 

10*48 
10*92 
10*78 

923 
964 
8*28 

9*44 
8-46 

888 
9*49 

Feb. 

10 

«3 
"5 

17 

Mar. 

10 
12 

14 
16 

19 
20 

21 

23 
24 

- 
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58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

392 
417 

430 
456 

463 

479 

483 
491 

512 
520 

53' 

533 

562 
577 

606 
6ii 

700 
705 

71S 
7-'V 

IO-75 

fl-04 

10*28 

IO-53 

iO'&4 

1 1  03 

10-89 

10*58 

fO-46 

10*77 

IO-57 

• .  -• 

10-25 

iro2 

10-98 

IO-55 

991 

1095 

IO-57 

10*89 

IO-43 

1078 

11-05 

9-29 

4 

1015 

10-85 

IO-55 

10-82 

10-78 

10-63 

11-50 

10*51 

io-6i 

II-02 

10*48 

9*87 

10-59 

IO-74 

M  .«    WW 

w  —     ^  m 

^  ^     -  ^ 

_  M      M  _ 

~  w    ~  B 

--  •» 

10*10 

10-83 

10*17 

10*60 

lo-oS 

10-37 

9-50 

9-61 

10*21 

IO-44 

9-51 

10-13 

10-63 

io'35 

IO'I2 

^  -^    WW 

10*25 

10*21 

10-84 

IO-68 

lo-Si 

10*48 

10*38 

9-76 

1 0*02 

9-96 

10-09 

10-39 

io-6o 

iroo 

10-50 

irSi 

1074 

10*14 

985 

10-77 

io*54 

lo-So 

10-21 

,  9'fj9 

10*42 
1034 

• 

10*21 
10*29 

9*91 
9-62 

IO-45 
10-85 

10-52 

10*16 

9-64 

1042 

9-03 

IO-66 

10*71 

10*52 

IO-73 

IO-97 

10-49 

<)-<')2 

10-70 

10-5; 

10*04 

10*29 

IO-34 

10-42 

1073 

IO-37 

10-17 

lo-io 

(rS7 

10-68 

10*06 

IO-47 

10*57 

10-88 

• 

lo-yo 

107.S 
io-(>S 
10-41 

10-61 
10-38 
io-i6 
10-23 
io-4(') 

10-36 

1036 

10-27 

IO-12 

10-5; 

<>*5o 
lo-oi 

10-17 

•r53 

io-6o 
10  oS 

fi. 

Ex.  37-3 
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u.  8.  COAST  Axu  gkouktic  suR\'i:y. 


.  Pair  No...., 

68. 

69. 

70. 

71- 

72. 

73- 

74. 

75. 

76. 

77. 

!  C.  &  G.  S.  : 

Cat. 

1 

1         i 

745 
757 

769 
776 

781 
792 

796 
804 

813 
825 

«35 
842 

S49 
865 

873 
888 

911 
921 

926 
932 

1 

1892. 
Jan. 
Keb. 

31 
10 

Mar. 


;  Apr. 


M'y 


«3 
15 
17 

10 
12 

14 

16 

19 


I 


June 


990       976       9*95 


1076 

I0-20 

10-27 

10-69 
10-97 

10  12 
10-46 
10-24 


20  IO'2I 

21  '    10-56 

23  10-39 

24  10-49 
28 

29 

4 

9 
II 

12 


13 

16 

»9 

23 
26 

27 
29 

30 
3 

4 

5 

7 
8 

9 
16 

17 
19 
23 
24 
25 

28 
30 


1037 
10-30 

1 043 

10-32 
IO-66 
IO-I8 
9S1 
10-32 

10*15 
10-27 
10-39 
10-75 


10*42 
IO-C9 
10*25 


10-38      10*56  10*11  

10-38  lo-io  10-19  looi  io*77     8*99   io-6i  10*34 

looi  10-08  10*41  10-20  _ _  

10-31  10-49  9-87  10-27  10-68     9-38    10-44  

9*91      10-40      10-26       9-81     10-48  9*45  10.39  10*04 

10-00     11-29       9'9^      I0-20     9*7^  10-60  9*94 

10-40      _ ._    

10*43      1077      io*'3      10-10     10-78 

10-39     10-33      10-28     10-46  ^75  964  10*09 

10*71  10-53  1030  1074 

10*82  10-57  10-32  11-05  IO-22    10-58  io*55 

10-32  10-30  10-41  10*83  9*83    10-70  10*15 

10-67  IO-66  10*32  11-08  9-61    10-43  ^<^'33 

10-25  10*17  10-13  1065  9*68   10-62  10*57 

11*05      10-99     10*63    11-01    10*16   10*12    10*26 

iciS 
10*38 
10-41 
10-31 

10*11 
11*10 
10*38 

10*22 

10*26 


10*39 
10*89 

983 
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78. 

79- 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

936 

945 

952 
958 

966 
976 

1003 

lOIO 

• 

1022 
1035 

1044 
1057 

1063 
1070 

1094 
1 109 

1118 
1128 

"37 
"49 

10^        9^      10-25 


fO'2I 


10*60 


IO-54 

9-64 

10*42 

..  .- 

io*7S 

' 

10-78 

»•  -- 

•^  —0 

aa  • — 

..  -• 

10-61 

984 

10*29 

10*19 

10*50 

io-6i 

ICOI 

1026 

10*45 

10*67 

10-55 

^^  WW 

MM        «M«» 

•••  •« 

M^  ^^ 

10-66 

10-33 

10*15 

10-47 

10*72 

10-63 

•  _  »_ 

—  _    _  - 

.._  —  _ 

--  .. 

II-IO 

10*09 

10-64 

10*67 

10-77 

II-2I 

10-91 

10-01 

1077 

10*96 

10-79 

10-23 

IO-55 

10*78 

10-63 

10-86 

10-73 

10*11 

10*41 

10-24 

ft 

10-88 

io*i6 

10-50 

10*98 

10*82 

10-88 

1049 

10*37 

•  »  •^ 

*  •   ■>  «* 

••  •_ 

■^m.      ••• 

^^    M  •• 

_„  — • 

MM        MO 

10-95 

10*24 

10-40 

11*05 

10-64 

IO-86 

IO-37 

10*29 

1071 

11*05 

•••  •• 

•.  — . 

..  •> 

10*40 

10-67 

10-96 

10-48 

io-i8 

10*61 

10*73 

10-77 



10-77 

10-86 

11-30 

1 1  02 

10-87 

10-44 



10*86 

10-37 

10-20 

10-24 

10-85 

10-70 

10-67 

10*50 

9*87 

10*48 

io-6i 

10-07 

IO-34 

10*58 

10*89 

10.75 

10-83 

IO-55 

10-31 

1048 

1044 

11-17 

1038 

'  10-59 

10*65 

IO-73 

10*46 

10-74 

1034 

10-20 

IO-68 

10- J3 

9.7a 

10-72 

10-77 

10*74 

II-IO 

10-16 

1055 

10-40 

10-88 

1091 

10-62 

io*i6 

1051 

10-41 

10-78 

10-49 

990 

10-39 

IO-39 

10*70 

10*71 

.  —  - — 

»  —  — _ 

••  —  . 

11*17 

10*92 

10*34 

IO-39 

10-82 

11-07 

1039 

10-03 

10*32 

IO-44 

IO-86 

1039 

10*17 

10*61 

10*59 

. 

10-85 

10-47 

977 

10-59 

10-46 

IO-53 

10*24 

1016 

10-38 

IO-49 

10-67 

10-54 

10*08 

1050 

10-27 
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! 

!  Pair  No 

C.  &  G.  S. 
Cat. 


1892. 
Apr.   23 
26 

27 
29 

30 


May 


June 


July 


3 
4 
5 
7 
8 

9 
16 

17 
19 
23 

24 

25 
28 

30 
I 

2 

6 

II 

12 

13 

15 
16 

17 
20 

21 

23 

25 
26 

29 
7 

8 
9 


88. 

1162 
1175 


10*19 
1039 


I. 


2. 


1 184 
1188 


1190 
1206 


1215 

1220 


1 231 
1 241 


1247 
1254 


6. 

1262 
"275 


1280 
1294 


1316 
1330 


«3 
I3f 


10-70 
1034 


1 1 -06  10*70 

1014  10-33 

I0-20  9*97 
10*20  9*92 
10-39   9-83 

10-58    IO-88 

lo-oo    io'i4  io*o8  io-2a     10-52  10*17  ^0*72   fO'45  09^ 

10-04      9*86  977  '0'2i       980 

10*37    1017  9*84  io*49     IO-22  10*55  10*78   iro2   10*67 

1019    looi  993  '009     '0-45  10*32 

10-59     10*09  1006  io*45      10-84  1014  10*45    *o*99    10-04 

10-38      992  10-05  10*51      1009  10-55  10*44    10*70    io*i6 

10-15      9-96  9-81  10-36     1057  10*35  10-41    10*65    10-04 

10*28      9*88  10*11      10*56  10*38    10*86    io*o8 

9-96  991  10*41      10*35  10-34  10*36    10*69    10-14    'C 

10-07  1007  10-71       10-20  10-46     _.  ..     11*21     .. 

963  9-65  IO-66     io*i8  1014  io*45    10-46    10*14    '0 

972  9-21  10-23     10-52      10-23    10-50    10*01     10 

9*95  9*9'  1029     10-51  lo-oi  9-96    io*73     9*94    10 

9-96  lb- 11  10*  1 6       9-97  9-89  10*71    io*37     9-99    10 

972  

9-71  9-82  10-31      10-83      10-80   10-63 '^ 

9*2o  9*65  10-32     1049  10*21  10*36    10-69    io-o6    — 

9.34  9-64  10-85      10-63  * 

974  975  9*42       9'92  10*38  10*58    11 -08    10*32    lO" 

9.52  10-01  10-26     11-19     9*89    10-12    10*89    *^ 

9'^5  9'44  983      loii  9*95 

9*92  lo-ii  10*38     10*59  10*44  10-38   10*68    10*16    ic 

10*36  10-38   10-68    10*26    10* 

9*76  10*48   10-43     9*59    '^ 

9*90  10*41   10*65   ^^^^o^    i^ 
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II. 

12. 

13. 

14. 

15. 

16. 

17- 

18. 

19. 

1382 

1386 

1392 
1397 

1407 
I418 

1424 
1432 

144^ 
144^ 

1456 
1462 

1473 
1476 

1502 
1514 

1539 
1547 

^ If7i  lo-Sf  If44  ii-oa  iO'9i      . .. ..    

iO'55  ii'9i  10*59  ii'oj  10-83  10-69       —  —     

10*39  11-72  iO'83  10-94  1084  1067  10-94  9*57  9-93 

io*37  11-50  IO-66  ii-ii  10-66  10*54  11*37  .— -.  10*34 

10*24  11*65  10*70  9*87  10-76  10-93       

10-40  11*35  

io*49  11*61  io-8i  10-05  io'74  io*73  11*23  9*46  10-35 

10*63  11*69  11-25  I0-20  1 1*04  11-07  11*52  16-30  10*28 

10-37  11-65  io*37  908  10-78  


9 

m 

IO-59 
10*33 

1155 

11*63 

IO-93 
1085 

10-36 
942 

10-88 

II'IO 

1 103 

11-54 
11*50 

9*87 
10-14 

10-15 
10*24 

6 

10*27 
10*42 

11-32 
11*61 

10*24 
10*98 

9*90 
9*89 

10*75 
10*73 

10*55 
10*91 

10*83 
11-23 

9*59 
9*65 

10*15 
10*07 
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COMBINATION   OF   RESULTS   FOR  VARIATION    OF    LATITUDE, 
AS  OBSERVED  AT  ROCKVILLE,  MD.,  IN  iSgi-'ga. 

In  order  to  deduce  any  result  for  systematic  variation  from  the  in- 
dividual Tesults  for  latitude,  as  obtained  directly  from  observations,  it 
is  essential  that  in  the  combination,  the  declinations  of  the  stars,  taken 
from  various  catalogues,  should  be  referred  to  a  uniform  system,  and 
at  the  same  time  that  any  (».hange  in  latitude,  whether  i)eriodic,  pra 
gressive,  irregular,  or  any  absence  of  diange,  should  not  be  interfered 
with.  This  was  secured  by  the  method  of  combination  adopted  in  the 
reduction  of  the  Berlin  and  other  series  of  observations  as  carried  oul 
by  Dr.  Th.  Albrecht*  and  is  the  same  as  followed  for  the  liockvilk 
series. 

The  first  step  of  the  reduction  consists  in  dividing  the  whole  series 
of  results  into  groups,  each  of  a  suftirient  number  of  pairs  of  stars  tc 
give  a  closely  approximate  value  of  the  mean  latitude  and  with  the 
sums  of  the  positive  and  negative  micrometer  corrections,  as  near  af 
may  be,  balancing  each  other.  The  observer's  arrangement  respecting 
groups  was  altered  with  a  view  of  strengthening  the  connections  ol 
the  groups.  At  the  close  of  a  year's  work  the  re-observation  of  the 
same  pairs  of  a  group  would  alibrd'the  means  of  improving  the  whole 
series  by  the  introduction  of  the  condition  that  the  closing  error  of  the 
sum  of  the  corrections  to  the  mean  results  of  the  groups  at  the  end  oi 
the  year  be  zero. 

The  second  step  is  the  reduction  of  the  declinations  of  each  pair  ol 
stars  to  the  mean  declination  system  'of  the  group.  Comparing  the 
mean  result  for  latitude  of  each  pair  in  the  group  with  the  mean  result 
by  all  the  pairs — t*.  c,  with  the  mean  latitude  of  the  groui)^a  correctioi: 
was  obtained  to  the  result  by  each  pair.  In  general,  the  smallness  01 
these  corrections  (as  given  below)  indicate  that  the  tabular  declina 
tions  were  fairly  accurate*. 

The  pairs  constituting  each  group,  the  number  of  days  of  obsefva 
tion  for  each,  and  the  mean  latitude  for  the  same  are  tabulated  below 
together  with  the  reduction  of  the  result  by  each  pair  to  the  mean  o: 
its  group.t 

^Provisorische  Rcsultiite  der  BeoltacLtiuigeu  in  nerliii,  Potsrlani  uud  Prag,  be 
treflfend  die  Veriiiidcrlichkeit  der  I*olhobe,  etc.     Von  Tb.  Albrecht.     RerHu,  1890. 

f  From  these  observations  it  lias  been  found  that  tbe  moan  error  of  reduction  U 
the  mean  declination  system  of  a  group  for  a  single  determination  is  :j^  0"*23.  SiiUM 
the  number  of  determinations  of  the  various  groups  ranges  A:om  eight  to  twenty 
eight,  the  mean  errors  of  the  reductions  to  tbe  mean  declination  system  in  the  abov< 
table  are  within  db  0'''04  and  db  O'OS.—Mwitt  imith.—lAdded  November  9, 1892.]  ' 
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f 

0 

^         // 

Group          I 

Pairs,  9,  lo,  ii,  12, 13 

Days,  21 

<Pi  =  39    05     1083 

II 

14,15,16,17,18.19 

19 

(p\\ 

»o-53 

III 

20,21,22,23,24,25 

12 

9>Hi 

1030 

IV 

26,27,28,29,30,31,32,33 

21 

<Pif 

1038 

V 

34,35.36.37,38.39.40 

28 

<P^ 

10-32 

VI 

41, 42, 43, 44, 45, 46, 47, 48 

16 

<Pyi\ 

IO-43 

VII 

49.50.51.52.53,54,55 

13 

<F»li 

1036 

VIII 

56,57,58,59.60,61 

12 

<jE>flI| 

10-32 

IX 

62, 63, 64, 65 

8 

Vix 

1033 

X 

66, 67, 68, 69, 70 

12 

9« 

1026 

XI 

71,72,73,74,75,76 

9 

^xl 

10-33 

XII 

77,78,79,80,81,82 

12 

<PzU 

10.49 

XIII 

83,  84, 85, 86, 87, 88 

16 

<Pxm 

IO-49 

XIV 

I 

1,2,3,4,5,6,7,8 

n 

<jE>XiT 

10-26 

// 

// 

// 

// 

// 

// 

// 

// 

Groap 

I 

Red*n-f -21 

+  -27 

-f-28 

—80 

+•05 

II 

-I--19 

—  -30 

—38 

— '62 

4-'83 

+•29 

III 

-f-ii 

•00 

4--27 

—•17 

—•10 

— -10 

IV 

—  •60 

—  -20 

4--I6 

+•34 

-I--IO 

-f-I2 

-f-14 

-•05 

V 

—•24 

+  '33 

-05 

--•23 

+•42 

4-*io 

—31 

VI 

+  05 

-f  -06 

—•24 

+•04 

— -20 

+•15 

+•14 

•00 

VII 

+•35 

—    '02 

—72 

-•35 

—•12 

+•33 

+•53 

VIII 

—'33 

-fi-o3 

—05 

—•34 

—•20 

—•16 

IX 

— -20 

—  -41 

+•06 

+•56 

X 

-15 

-V   23 

--•12 

—  02 

+•05 

XI 

-17 

-  -05 

4-09 

—46 

-f-66 

— '07 

XII 

-h-i8 

—  -26 

-^•39 

-f-o6 

— -17 

— "20 

XIII 

—37 

—  -04 

-f-35 

•00 

— -10 

+  •17 

XIV 

+•40 

-f  '33 

•08 

—  13 

+•03 

-•17 

—46 

+•12 

The  sum  of  the  correctious  for  each  group  should  be  zero. 

The  preceding  correctious  were  applied  to  the  results  of  the  respec- 
tive pairs,  forming  a  new  table  of  results  (marked  Ai  B,  Ci  Di  Ei  F|,  in 
MS.  and  not  reproduced  here)  preparatory  to  the  next  step,  viz: 

^om'pariion  of  the  mean  declination  of  the  groups  by  means  of  the 
wsults  obtained  on  the  mme  night  from  pairs  ranging  over  two  or  more 
groups.  Such  comparisons  between  results  of  the  same  date  leave,  ot 
course,  any  changes  in  latitude  absolutely  untouched.  This  third  step, 
then,  consists  in  ascertaining  the  difterences  in  the  mean  declination 
Bystem  of  any  two  adjacent  groups  or  overlapping  groups.  For  this 
PJirpose  All  results  ot  pairs  belonging  to  the  same  group  were  made  use 
of,  and  not  only  those  results  which  form  the  full  or  comi)lete  set  of  ail 
pairs  for  every  night.  For  any  date  common  to  two  or  more  groups,  the 
mean  latitude  was  taken  for  all  pairs  observed  m  each,  and  their  imm- 
b^r  noted  as  the  weight  to  the  mean,  and  the  same  was  done  for  the 
other  groups.  These  comparisons  being  made  for  every  day  of  obser- 
vation, the  final  difference  between  any  two  groups  will  be  tliat  of  their 
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weif»:lito(l  nieaiis.    The  following  tables  nijirked   An  Bn  Cu  contaL 
tliese  coniiKirisonjj: 

Comparison  of  mean  taluea  of  groups. 


Date 

ft 

XIV. 

I. 

II. 

III. 

IV. 

V.             VI.            f 

1891 

• 

// 

// 

•  - 

// 

// 

\ 

1 

June 

«3 

10-28  8 

10-87  5 

'0-35  3 

IS 

10-39  7 

11-09  5 

10-50  3 

■ 

23 

10-38  4 

1 104  4 

10  65  6 

24 

10-49  4 

II -20  5 

IO-86  6 

25 

10-52  4 

II-I3  5 

IO-73  6 

1 

27 

10  09  4 

1114  5 

1108  6 

i  July 

5 

10-71  4 

lo-Si  5 

1080  6 

. 

6 

1052  4 

10-90  5 

10-61  4 

10 

IO-66  5 

10-38  6 

10-41  5 

12 

IO-77  5 

io-o6  6 

10-41  5 

21 

10-78  5 

1028  6 

10-38  5 

22 

10-65  5 

1042  6 

1004  2 

27. 

10-58  5 

1057  5 

ir-65  5 

29 

io-8o  5 

10-26  6 

1035  5 

3< 

10-55  6 

AiiK. 

7 

10-48  5 

1043  6 

IO-45  3 

9 

IO-43  6 

1 044  5 

10-40  3 

10 

10-46  6 

10-47  6 

IO-47  3 

II 

10-06  4 

1 

14 

10-56  2 

1 

15 

10-60  3 

1028  6 

10*41  8 

10-79  a 

17 

10-28  I 

22 

IO-39  3 

1032  5 

S.|l. 

I 

10-28  6 

10-43  7 

10*76  2 

3 

10-26  6 

1033  8 

10*04  2 

7 

10-33  6 

1019  3 

9 

1033  6 

10-54  7 

10*60  2 

10 

1025  6 

10*48  8 

10*40  6 

12 

10-08  6 

10-15  8 

10*50  7 

13 

10*01   2 

»4 

1037  6 

IO-55  8 

IO-43  7 

«5 

10-26  6 

10-49  7 

10-29  2 

17 

10*25  6 

1026  8 

10*31  7 

18 

10-45  8 

10*42  7 

19 

1062  8 

10*43  7                        / 

21 

«o-33  8 

10*59  7 

23 

10-60  8 

IO-66  7                       j 

24 

10-04  8 

10*21  6                      1 

• 

25 
26 

28 

10-36  8 
10-36  8 
10-39  8 

1027  7                      1 
10  26  7                      1 
10*29  7                     1 
>0'33  7 

30 

10-36  7 

( )ct. 

1 

3 

5 

9 

M 

15 

16 

10-54  8 
10*29  8 
10-54  8 
10-37  8 
10-37  8 
10*34  8 

io*54  7 

10*31  7 

10*28  7 

10*37  7      10-35  » 

10*30  7 

lo-io  7 

17 

■ 

1016  8 

«o-35  7 
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Comparison  of  mean  values  of  groups. 


)alc. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

1891. 

// 

// 

// 

// 

// 

// 

// 

// 

:l.   22 

lo-oi  5 

23 

IO-33  7 

10-47  8 

24 

1032  7 

1002  8 

28 

1004  7 

10-48  8 

29 

IO-35  7 

10-70  8 

30 

1057  7 

IO-68  8 

31 

1004  I 

DV.       I 

10-17  7 

10-77  8 

2 

IO-06  7 

10-43  8 

6 

1004  7 

10-26  8 

7 

io-o6  7 

10-53  8 

9 

1027  7 

IO-35  8 

17 

10-77  6 

18 

10-44  8 

lo^iS  6 

20 

10-52  8 

10-43 

23 

10-41  8 

10-28 

24 

10-32  8 

10-18 

29 

10-25  8 

10-20 

30 

10-70  4 

■• 

!C.      I 

10-36  8 

1047 

4 

10-48  6 

5 

10-62  7 

10-58 

8 

10-58  I 

10-45 

10-52  6 

9 

- 

11-07  I 

10-70 

10-70  6 

10 

1107  I 

10-42 

10-48  5 

13 

iO'94  I 

1053 

10*43  6 

18 

10-13  I 

10- 1 1 

10-36  6 

28 

11-32  I 

10-27 

10-31  6 

30 

10*41  I 

10-07 

10-37  6 

• 

892. 

• 

V 

a.      7 

992 

2 

10-53  6 

10*50  4 

8 

10-35 

2 

10-55  3 

16 

10-54 

2 

1007  6 

9-91  4 

20 

10-43 

2 

1006  6 

1018  3 

21 

10-30 

2 

I0-20  6 

1036  4 

24 

997 

2 

9*97  6 

10-48  4 

25 

10-12 

2 

1032  6 

10-31  4 

28 

IO-37 

2 

1045  I 

3' 

995  3 

10-19  4 

9-93  5 

:b.  10 

985  3 

1065  I 

«3 

1040  3 

10-45  4 

10-56  5 

'5 

9-99  3 

10-42  4 

10- 1 1  5 

17 

10-17  3 

1077  3 

1040  5 

ar.  10 

(044  4 

12 

IO-55  5 

10*36  2 

14 

10-16  5 

lo-ii  6 

I0'52    I 

16 

-■ 

10-13  5 

10-19  3 

19 

io-i8  5 

10*19  ^ 

20 

10-13  5 

10*13  6 

10*22  I 

21 

10-16  5 

10-46  5 

10*12  I 

23 

» 

10-43  5 

24 

10-42  5 

10*30  4 
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Comparison  of  mean  values  of  groups. 


Date. 

XI. 

jftl. 

XIIL 

.   XIV. 

I. 

II. 

189 

2. 

// 

// 

// 

// 

// 

// 

Mar. 

28 
29 

1014 
10-42 

6 

4 

10*23 

6 

April 

4 

9 
II 
12 

13 
16 

19 

10-59 
10-40 
10-46 
10-25 
IO-66 

6 
6 
6 
6 
6 

10-41 
10-42 
10-29 
1043 
1036 
10-42 
1046 

5 

2 

6 
6 

2 
6 

2 

• 

23 

io-6i 

6 

IO-68 

6 

IflO 

I 

26 

10-55 

6 

10-46 

6 

10-74 

I 

27 

•  io-i8 

6 

29 

io-8o 

4 

30 

10-61 

6 

10-72 

6 

II'IO 

I 

May 

3 
4 

10-35 
10-71 

2 

5 

10-52 
10-76 

6 

4 

IO-73 

I 

5 

10-44 

6 

10-39 

6 

10-37 

I 

7 

10-64 

6 

10-47 

6 

10-32 

I 

8 

1073 

6 

10-47 

6 

10-23 

I 

9 

IO-35 

6 

io-6i 

6 

II  28 

I 

• 

16 

IO-44 

6 

10-28 

8 

17 

19 

23 

24 

25 
28 

30 

10-33 
10-50 
10-67 
10-41 

10-54 
1042 
10-32 

6 
2 
6 
6 
6 
6 
6 

10-04 

IO-47 
10-27 
10-38 
10-30 
10-27 

4 

8 

5 

8 

8 
8 

'  June 

I 

10-39 

6 

10-35 

6 

2 

10-27 

8 

10-92 

4 

10*96 

■^ 
»> 

6 

IO-47 

6 

1080 

4 

10-70 

3 

II 

I016 

8 

IO-74 

5 

10-48 

6 

1 

12 

ioc6 

7 

IO-68 

5 

10-64 

»• 
3 

1 

13 

16 
17 

10-16 
1014 
10*12 
10-33 

8 
8 
I 
6 

10-72 
io-6i 

10-94 

5 
4 

I 

10-36 

3 

20 

1012 

8 

io-8o 

4 

IO-43 

6 

21 

10-24 

4 

23 

1015 

8 

11-06 

5 

10-73 

6 

25 

10-27 

7 

10-67 

5 

9-88 

2 

26 

990 

5 

29 

"0-33 

8 

10-80 

5 

1065 

6 

■July 

7 

10-30 

4 

10-75 

4 

>o-53 

5 

8 

995 

4 

10-50 

5 

10-30 

6 

9 

1012 

4 

10-77 

5 

10-41 

6 
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44  U.  8.  COAST  AND  GEODETIC  SURVEY. 

The  proeeding  ditlereuces  deinaiul  13  conditiouH  to  be  satisfied; 
these  conditions  are  expressed  by  the  following  conditional  equations, 

to  which  are  added  the  values  of  the  reciprocal  weight  or  —  for  each 
difference  depending  on  the  nunil>er  n  ni :  for  the  observed  values  for  lati- 
tude iu  each  group,  1  take  JL  ^  ^^  ('*  +  ^ij) 
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Cdhibfjuxtion  of  reaulU  for  the  variation  of  latitude  at  Rockvilley  Md, 
Solving,  we  get 


k,= 
kg= 
ko- 

— 0*162                ks= 
+0-3S9               krt 

+0-031                          ky   -r 
—0055                          k8= 

+0-196                 ko  — 
—0048                    Vio~ 
—0-049                 J^n    - 

+  0-170                         ki.>r 

k„= 

+0-075 
+0-198 

4a23o 
+0-130 
—0-060 

,iteT  substituting  iu  the  equations  of  correlates 

// 

^      —  +-045 
2-1       ^  ^^ 

2-1        --^4 

// 

^        =  —280 
12-10 

▼      —  _.o6o 
3-2 

lo^  =  +  <»9 

Vl             "^" 

V 

—  —'277 
14-12              '' 

V3=      "^^ 

I.-io-     -^7 

V2      +-^54 

^         -  --062 
2-14 

\r +"^ 

I2-II=     -°4' 

^-3      -^^^ 

^         =+-036 
1-14        '      ^ 

V5--^36 

13-12=  +  °'3 

•    ^^-.  4-oSo 

V14  +°^° 

^7^—048 

.4-13     +'°°5 

\.y=  4-052 

-      -- --7^ 

'.-,4=     -"'^ 

I<^8-  -'98 

The  accosted  values  of  the  differences  between  the  groups  are  as  tol 
lows: 

I_XIV°=  F— XIV=  40.555 

II-  U-IP-        F:=r   -0-285 


III 

11= 

— 0-040 

IV— 

111=- 

+0-095 

V 

IV= 

— o-oo6 

VI- 

V— 

+0-214 

VII- 

VI— 

0188 

VIII 

VI 1= 

,    —0-072 

IX 

VIII= 

+0-172 

X- 

IX= 

—01 91 

XI- 

X= 

— 0-107 

XII- 

Xl= 

—0-031 

XIII 

XII=* 

+0003 

XIV— 

XIII— 

— 0-12I 

// 

Check:  ^i;;^9 

We  also  have  the  closing  error: 

// 

For  group  X I V — -21 
For  group        I — -26 
For  group      II— '35 
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Taking  group  IV  for  reference  grou])  as  having  the  greatest  number 
of  pairs  and  observations  (^,^  =  ;il)=>  05'  10"-31)),  and  applying  the  above 
differences  we  get  the  linal  correction  to  each  group,  a^  below: 


Correction  to  group 


// 

// 

IV 

•GOO 

and  to  group       III 

-I-095 

V 

+   006 

II 

+  •055 

VI 

—  •2o8 

I 

—  •230 

VII 

—  -020 

XIV* 

+  •325 

VIII 

-1-   052 

IX 

—  -120 

X 

1-071 

XI 

4-178 

XII 

-r  209 

XIII 

~\~  -206 

IV 

+  •327 

V 

—  •228 

ir 

-f  057 

From  these  corrections,  when  ax)plied  to  the  individual  results  in 
eacih  group  respectively  or  more  conveniently  to  the  mean  value  of 
each  gi'oup  as  tabulated  on  the  tables  marked  A^^B,,  C,,,  and  com- 
bined according  to  weights,  we  get  the  final  daily  mean  value  for  each 
day  of  observation  as  below.  Column  heiuled  w  give^*  the  number  or 
pairs  observed  each  night;  the  next  cohinin  of  tigures  the  sei*ondso 
the  resulting  latitude  <ri  or  the  <!ombined  result  from  two  or  more  nights; 
in  the  last  column  the  number  of  observations  »,  is  ad<led  for  conven- 
ience of  i>lotting  the  results,  as  properly  grouped,  in  order  to  equalize 
number  of  observations  for  suitable  short  intervals  of  days. 


Date. 

1 

n 

<P/ 

1 

1 
n,  1 

1 

Date. 

1 

<^=390o5^ 

n 

<Py 

1 
1 

1891. 

// 

ff 

1891. 

1 

'' 

J 

1 

1 

June  13 

-f  10-58 

'6\'     .n.fic 

;i 

Aug.  22 

-}-iO'43 

8 

10-43       8 

'5 

23 

73 
74 

15  1 

14] 

1 
1 

0* 

Sept.     I 
3 

•46 
•31 

11} 

1038 ;  31 

1 

24 

25 

27 

•91 

•84 
irii 

15 
15 
15 

10-90 

59 

7 

9 
10 

.  1  •> 

•5« 

•42 

9 
20 

1 

10-39 

65 

July     5 

io-8i 

*->   Vl      IO-77 

78 

12 

-28 

21 

6 

72 

13) 

f  / 

13 

-II 

2 

xo 
12 

•46 
•37 

16/ 

10-42 

32 

1             14 

15 

•49 
•41 

21   ■ 

«5, 

IO-44 

38 

21 
22 

27 

•45 
•40 

•58 

I6| 
13/ 

1043 

29 

1 

17 

18 

19 

•31 

•44 
•54 

2n 

'5  f 

IO-43 

66 

29 

•44 

16  I 

1052 

37  1 

21 

-46 

15. 

31 

•61 

6J 

23 

•63 

'M 

Aug.    7 

•52 

14) 

1 

24 

•12 

'n 

10-36 

44 

9 

•49 

14  [ 

10-51 

43 

25 

•32 

15J 

ID 

•53 

15J 

26 

•32 

^5) 

II 

•12 

4) 

t 

28 

•35 

'5 

iO'34 

44 

14 
17 

•62 
•48 
•38 

2 

19  ' 
I 

IO-43 

J6i 

1 

30 

Oct.     3 
5 

•35 
•54 
•30 

14) 
«5J 

10*42 

45 
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'ombination  of  reaultn  for  the  varUUlon  of  latitntle  at  Rockrille,  Md. 


Dale.     U=39<'os' 

" 

P/ 

«/ 

Dale. 

fl>=39»05' 

« 

fl>/ 

«, 

1891. 

„ 

.89.. 

,/ 

„ 

ct.     9         +>o 

42 

'5 

10-42 

45 

Mar.  16 

+  10-26 

8 

■  038 

31 

«4 

ib 

"') 

"9 

■3^ 

"  1 

;j 

34 

•n 

'0-3O 

61 

I? 

■27 
■4J 

.036 

39 

17 

25 

■si 

23 

■50 

sJ 

*3 

30 

.11 

10-23 

20 

24 

28 

■49 
•38 

1045 

=5 

14 

OS 

i; 

29 

■60 

iS  , 

'7 

45 

April    4 

■70 

loSj 

'9 

ig  ■ 

43 

IS 

9 

■59 

8; 

i° 

S2 

15 

■57 

12) 

3'  1 

IS 

1'   ■     '0-34 

46 

;i 

■54 
■77 
■63 

■il 

10-61 

J2 

6  i 
7 

05 

;il'  .o-.s 

45 

19 
23 

•67 
■90 

.,3! 

.o-te     2, 

9 

•5) 

26 

■74 

17 
iS 

S'> 

,:},  - 

20 

2^ 

'■79 

,,■84 

36 

10 

^^ 

'n 

30 

1092 

*3 

'3 

.i  !  ■°« 

45 

May     3 

■73 

'»! 

*4 

■  5) 

4 

■94 

9f 

1075           31 

39 

'5) 

5 

■63 

■3) 

30 

49 

4     1    '•■■J 

34 

7 

■;6 

'Jl 

J9 

■  s) 

S 

■79 

'3t 

1077 

39 

4 
1 

^7 

4S 

.!};  '"■" 

JO 

9 
(6 

?5 

'3  J 
'•11 

8 

49 

nil 

17 

■47 

10  [ 

10-S7 

26 

9 

7J 

U     1    lOiJ 

41 

19 

■71 

2] 

49 

'jl, 

23 

■8j 

'■•l 

1073 

to-68 

i 

S' 

"}:  ■»^' 

23 

24 

-61 
■73 

11 ! 

Hi 

:, 

18 

36 

nil  ""' 

28 

28 
30 

■63 
■57 

14  1 
'4) 

June     t 

■64 

'4 

1064 

41 

.892. 

■71 

isl 

'"■   I 

40 

5  y:  'w*8 

29 

6 

■72 
SI 

;j} 

1060 

32 

16 

OS 
'5 

;; 

'3 

T> 

:j} 

10-49 

33 

14 

=5 

li  '°"^° 

47 

\l 

■44 
■45 

';' 

10-52 

20 

»s 

ifi 

1. 1 

17 

-67 

7I 

28 

40 

J  •  ,0,0 

■49 

.81 

,    3' 

lit 

■57 

4 

10-5S 

4' 

cb.   10 

A],  -3» 

23 

■67 

19  J 

>i 

4S 

2S 

■45 

'4  1 

'5 

If! 
45 
5' 

-t  1 

10-31 

*3 

26 

■6"-: 
■5S 

■3) 

IO-S2 

38 

60 

' 

.0^38 

3> 

8 

■3' 

'5 

1045 

43 

'4 

30 

I?) 

9 

■49 

■ii 

The  PolfltHTlH  li(>in]c(l  (71  and  n,  were  luldi-d  iw  in»»re  coiiveiiiciit  fyr 
apliical    ir|ii-i-,siiil;iIi(Jti    tliiiu   the    daily   viiliieH:    tlu-y  contain  52 
iigbted  iiiiniis  iliiiciiliiijj  011  17S9  obw-ned   vhIiich  fur  liititiuh-,  diiil 
e  represeiiteil  ou  tbe  aci-ompaiiying  dingmiu.     (Illiistratiiiii  No.  4.) 
B.£x.37-4 
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The  main  feature  of  tlie  represeutatioii  is  a  decided  miniinnii 
tude  towards  the  close  of  the  year  1891  and  apparently  two  epo 
liigh  values  of  latitude,  one  of  which,  however — that  about  April,  1 
is  probably  due  to  some  unknown  disturbances  affecting  the  ob; 
tions.  Besides  this  there  are  two  large  and  systematic  declines 
resulting  latitudes  which  in  magnitude  greatly  surpass  the  mil! 
regularities  of  the  ordinary  zigzag  lines  of  variability.  It  canr 
supposed  that  these  features  are  due  to  real  changes  in  latitude; 
this,  however,  corroborative  evidence  can  be  had  as  soon  as  tl 
suits  for  changes  in  the  latitude  of  San  Francisco  shall  have  b 
known. 

The  probable  error  of  observation  for  latitude  for  the  period  < 
ing  the  best  part  of  the  series — i.  e.,  from  July  to  November — ^is  ; 

lows: 

// 

For  group  III,  ±  0-17 
For  group  IV,  ±  047 
For  group    V,        ±  0-17 

embracing  together  544*  observations,  and  for  the  period,  nnfavc 
for  observation — i.  e.,  from  November  (in  part)  to  February,  inclus 
the  probable  error  of  a  single  observation  for  latitude  becomes 


For  group     VI,  ±  0-21 

For  group  VII,  ±  0-22 

For  group  VIII,  ±  0-26 

For  group     IX,  ±  0-20 


embracing  together  407  observations.* 

The  average  value  for  the  whole  series  is  ±  0"'20  nearly.  Con 
tively  this  may  be  regarded  as  rather  a  large  value;  it  may  be  a 
uted  mainly  to  the  circumstance  of  the  use  of  three  in  the  place  < 
micrometer  thread,  since  there  was  evidence  to  show  that  th 
tances  between  the  threads  did  not  remain  invariable.  There  i 
liability  to  error  in  recording  the  particular  thread  used.  The  i 
of  suspected  systematic  errors,  notably  those  affecting  the  resi 
December  and  January,  has  so  far  eluded  scrutiny,  but  is  pr< 
related  to  a  feature  of  obscure  origin  which  may  produce  a  syst< 
difference  in  the  results  of  all  pairs  observed  on  two  conse 
nights,  as  on  September  23-24,  when  each  of  14  pairs  gave  a  la 
in  defect  on  the  8e<M)nd  night,  with  an  average  difference  of  0"*5 

The  unexpect^l  rise  of  the  latitude  in  April  and  the  subsc 
sharp  decline  was  accentuated  by  the  introduction  of  the  ad, 


*Fr(>ra  the  1789  observations  on  146  iiij^hts  it  has  boon  fourAil  that  the  mea 
of  a  single  (loterniiuation  for  latitudo  is  ±  0"*25.  Sinco  the  roaults  in  coliiiu] 
pond  upon  eight  to  sixty-six  sin^^Ic  results,  their  mean  errors  ore  within  ^ 
and  ±  0"'O9.— Edwin  iS/iii/A.— [Added  Nov.  9,  1892.] 
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Combination  of  resulUfor  the  variation  of  latitude  at  Rockrilie,  Md, 

difiFerences  between  the  groups,  and  hence  may  be  referre<l,  at  least  iu 
part,  to  a  weak  connection  of  several  of  the  groups. 

A  farther  concentration  of  latitude  vahies  by  months  leads  to  the 
following  normals: 


Date. 


1891. 
June     21 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


17 
12 

17 
17 
14 
15 


^ 


// 

lO'Si 

'0-53 
IO-47 

1039 

10-30 

IO'25 

1043 


ft 


90 

126 

77 
288 

171 
190 

"7 


Date. 

<P 

1 

1 

n 

1892. 

// 

Jan.      20 

IO-2I 

9' 

Feb.     14 

IO-34 

39 

Mar.     20 

1039 

95 

April    18 

1073 

108 

May     15 

107 1 

149 

June     14 

10-56 

205 

July       8 

IO-45 

43 

If  we  suppose  the  period  of  the  latitude  variation  to  be  430  days, 
hence  the  daily  angular  motion  of  the  pole  of  rotation  n  =  0o*837,  and 
/  =  the  longitude  of  this  pole  west  of  the  place  at  an  arbitrary  epoch 
fo  ,  here  Januaiy  1,  1891,  then  the  variation  in  latitude  (^^  may  be 
expressed  by  dqt  =  ^  —  ^„  =1  a  cos  (ut  —  /),  where  cpo  =  mean  latitude 
=  10'''47  and  q)  =  latitude  at  the  time  /. 

Using  Cauchy's  method  we  get  the  expression 

6cp=  +  0"-L>0  sin  {nt  —  5^) 

which  places  the  minimum  at  ^November  24,  1891.* 

Perhaps  it  will  bo  best  to  defer  further  consideration  of  the  observed 
variability  of  the  Rockville  latitude  until  the  results  of  the  other  two 
stations  observed  during  the  same  time  shall  have  l>ecome  known. 

0.  A.  S. 


*  It  fM^ems  likely  that  a  second  term,  probably  of  an  annual  period,  will  bo  needed 
for  the  expression  of  the  variation  in  latitude. — C.  A.  S. — [Added  Nov.  9, 1892.] 


APPENDIX    NO.    2—1892. 


ON  THE  VARIATION  OF  LATITUDE  AT  WAIKIKI,  NEAR  HONOLULU, 
HAWAIIAN  ISLANDS,  AS  DETERMINED  FROM  OBSERVATIONS  MADE 
IN  1891  AND  1892  IN  COOPERATION  WITH  THE  INTERNATIONAL  GEO- 
DETIC ASSOCIATION. 


A  report  by  E.  D.  Preston,  Assistant. 
Sabmitted  for  publication,  May  15,  1893. 


In  compliance  with  tlie  instrnctions  of  the  Superintendent,  there 
were  made  in  the  Hawaiian  Islands,  between  May  8, 1891,  and  Sep- 
tember 14, 1892,  the  following  observations: 

I.  Of  the  transit  of  Mercnry  on  May  9,  1891. 
II.  Of  the  variation  of  latitude  from  Jane  6,  1891,  to  Jane  25,  1892. 

III.  Of  the  force  of  gravity  on  Oahu  and  Hawaii  from  Jane  9,  1891,  to  Jnly  25, 

1892. 

IV.  Of  the  magnetic  elements  at  fourteen  stations  at  intervals  from  August  11, 

1891,  to  September  9;  1892. 
y.  For  latitude  on  the  island  of  Hawaii  at  tte  base,  on  the  Hank,  and  at  the 

summit  of  Maunn  Kea,  from  July  4,  1892,  to  July  25,  1892. 
VI.  Of  meteorological  phenomena,  including  the  barometric  determination  of  the 
height  of  Manna  Kea  (nearly  14,000  feet),  from  July  1,  1892,  to  July  27, 
1892. 

Illustration  No.  5  shows  the  location  of  these  stations,  as  well  as  of 
thoHe  that  had  been  previously  occupied  for  scientitic  observations 
under  the  direction  of  Prof.  W.  D,  Alexander,  the  Surveyor-general  of 
the  Hawaiian  Government. 
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Tlie  foUowiug  table  gives  ii  summary  of  tlio  scasou's  work: 
Summtiry  of  obscrvatioaa  in  the  llaimiian  Islaiidt  in  1891-^92. 


1        (               ' 

NIkKu 

v.,  o( 

Smlon.       ]     W«nd.     '  Daleuf  otcuialion.    j  '^''^,°/„^J^'- 

'i£ 

rieler- 

RetDite 

Wmliiki. 

Oahu. 

1891.          1892. 
June     6-Juiie  25  ■  l*tiU.de. 
Jun«     g-J"'"^  1'  IO.,vily. 
June     9-June  .,  ,  Time. 

220 

'99 

1 

KaliuVu. 

1891. 
Auy.  ll-Aug.  13     Magnclic. 

3 

3 

Nov.  i5-Nt)v,  X7 

do. 

3 

3 

Honolulu. 

June   »3-  un^  aS 
June    IS-  une  27 

Gravily. 
Magneiic. 

3 

3 

57 
3 

KftWftihae.      IUw«ii. 

uly      fl-July      6 

Laillude. 

3 

n 

uly      3-July      b 

Cimvily. 

4 

9« 

uly      3-  u'r     6 

Time, 

4 

4 

uly       .-July      3 

Mnnnelic. 

3 

3 

une  30-July      7 

Mtle<irology. 

8 

Waimw. 

uly       8 

Magnelic. 

WcsllOM. 

uly      9-J"'y    ' ' 

iio. 

Old  sliUioii. 

uly      HulJ    .< 

Mclccprology. 

5 

Kalaieha. 

uly    u-July    IS 

I.atitude. 

3 

uly    14-July    16 

Gravily. 

3 

67 

I 

uly    14-July    18 

Time. 

6 

6 

\ 

uly    14-July    16 

M.ilJiietic. 

3 

3 

\ 

uly    13-July    18 

Mtltuiology. 

6 

\ 

Waiiiti. 

uly    Il-July    15 

Latitude. 

4 

SS 

uly    21-  uly    25 

GravHy. 

4 

Si 

uly    21-  uly=    as 

Time. 

4 

4 

July    21-  uly    24 

Mignelic. 

3 

3 

July    21-  uly    id 

Muleiirolocy. 

6 

Ililo. 

July    30-AuE.     3 

M.S"^e.ic.'' 

S 

3 

Ni.ix„.,«,.. 

Aug.  l8-Aug.  21 

4 

3 

Ijhaiiia.         Maui.         Auy.  23-AuE.  25 

do! 

3 

3 

Wainica,       .   Kauai.         Sept.    3-Sei<t.     3 

do. 

r^lilude  rfl" 

tion.  .S87_ 

and  irans' 

of  Venu* 

1874.       „ 

TbomyCro**- 

Sept.    S-Sept.     6 

do. 

3 

J 

Niihau.       Sept.    9                              Jo. 

' 

• 

Inlbe[alunii]"Numbe[ 

file 

ermi 

utiont    (he  Ii 

limber  i.(interv»l 

lien  or  the  pcndulutn-    Pui 

Im 

ihB 

umbetolscli 

atlp.tndlioriiontii]  intensllr 

ihc 

me  >nd  »imu 

■nil 

n^w 

"  ""■'=  """> 

The  National  Academy  of  Sciences,  the  United  States  Coast  ft*^ 
Geodetic  Survey,  and  the  Hawuiian  flovcininent  have  each  contribute 
to  the  aocomplishmeiit  of  this  work.    The  first  named  supplied  t^ 
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fands  for  the  prosecution  of  the  international  hxtitude  observations,  our 
own  service  furnished  the  instruments  and  observer,  and  the  Hawaiian 
Government  survey  defrayed  most  of  the  exi)ense8  for  the  gravity  and 
magnetic  determinations.  I  left  Washington  on  April  18, 1891,  and 
returned  on  October  16, 1892. 

T)he  results  of  the  observations  of  the  transit  of  Mercury  have  already 
appeared  as  Appendix  No.  12  of  the  Report  of  the  Superintendent  lor 
ISGl,  Part  II. 

It  is  proi>osed  in  the  present  paper  to  deiirl  with  the  international 
latitude  observations  only,  re-serving  the  last  four  heads  for  a  subse- 
<lo.cnt  report.  This  work  was  undertaken  at  the  request  of  the  Inter- 
im actional  Geodetic  Association.  The  following  extract  from  a  letter 
written  by  Prof.  Helmert  to  the  Superintendent  of  the  Coast  and 
Greodetic  Survey,  under  date  of  October  18, 1890,  refers  to  our  coopera- 
tion, gives  reasons  for  sending  two  observers,  and  specifies  the  condi- 
tions necessary  for  successful  work : 

.  .  .  Da  die  Geldmittel  der  peruianenten  Comnnssion  etwas  beBchrlinkt 
sindySo  ist  beschlossen  die  Expedition  nor  auf  1  Jahr  anszudehuun,  wovon2 
Monate  auf  die  Reise  nnd  10  auf  Boobachtangen  koiumen.  Audi  kann  1  Beo- 
bachter  (Dr.  Marcuse  bisher  in  Berlin  Beobachter)  und  nur  1  luntrunient 
aosgesandt  warden.  Die  hiesigen  Erfahruugen  haben  aber  gezeigt,  dass  sehr 
leicht  in  einer  Reihe  durch  Krankheit  des  BeobachterS;  Versagen  des  Instru- 
ments, etc.,  Unterbreohungen  entstehen. 

Deshalb  ist  es  dringend  erwiinscbt,  dass  Ende  Februnr  1891  yon  der  Coast 
and  Geodetic  Survey  gleichzeitig  ein  Beobachter  und  eiu  Instmuient  nach 
Honohilu  gesaudt  werden,  so  dass  doppeltc  Reiben  gewonuen  werden  wie 
seinerseit  bier  in  Berlin  und  Potsdam.  Natiirlichweise  nmss  dns  Instrument 
aucb  die  Genauigkeit  einer  Breitenbestimniung  aiis  cinem  Sterii)>aare  an 
einem  Abend  von  C*l  bis  C'2  gewahren.  Das  wird  sicb  ja  wobl  erreiehen 
lassen. 

The  observations  were  treated  according  to  the  method  adopted  by 
Vrof.  Albrecht  in  his  reduction  of  Dr.  Marcuse's  work  as  embodied  in 
the  ^^Besultate  der  Beobachtungsreihen  in  Honolulu,  betreftend  die 
Veriinderlichkeit  der  Polhohe,  Berlin,  1890,"  with  this  difl'erence,  that 
the  adjustment  in  the  present  case  involved  five  conditional  equations. 
Xliifl  was  made  necessary  from  the  fact  that  group  II  was  again 
observed  in  1892,  and  also  that  during  the  year's  observations  three 
separate  combinations  of  three  groups  were  made. 

DESCRIPTION  OF  STATION. 

The  station  of  observation  was  located  at  Waikiki,  2  miles  SE. 
of  Honolulu,  on  the  property  of  Mr.  J.  F.  Brown,  who  generously 
gave  the  use  of  the  ground  for  the  whole  time  of  occupation.  The 
position  of  the  observatory  is  shown  in  illustration  No.  10,  which  also 
includes  the  three  triangulation  points  to  which  the  Waikiki  triangu- 
lation  station  was  referre><l.  The  distance  from  the  seashore  to  the 
senith  telescope  pier  is  400  feet.    The  geodetic  difference  as  given  by 
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Mr.  Lyons  between  the  positions  of  the  Govemmeut  Survey  observatory 
in  Honolulu  and  the  U.  S.  Coast  and  Geodetic  Buivey  observatory  at 
Waikiki  is  as  follows: 

dip  =  9658  feet  =  V  35"-5 

dX  =  9785    "    =  1'  43"-6  =  6»-9 

The  astronomical  latitude  of  the  former  (Coast  and  Geodetic  Sarvey 
Report,  1888,  Appendix  14,  p.  495)  is  21°  18'  2"-48.    This  determina- 
tion was  made  about  April  1.    The  latitude  of  Waikiki  at  this  season 
of  the  year  is  not  far  from  21°  16'  24"'70,  so  that  we  have  a  diflFerence 
of  astronomical  latitudes  of  1'  37"'8,  which  would  indi<5ate  a  deflection 
ot  tlie  plumb  line  between  Honolulu  and  Waikiki  of  2"*3  in  latitude. 
The  astronomical  amplitude  being  greater  than  the  geodetic  one,  would 
indicate  that  the  plumb  line  at  the  northern  station  ( Honolulu)  was 
deflected  farther  south  than  the  one  at  Waikiki.    This  result  is  not  in 
accordance  with  what  we  might  expect,  since  the  great  mass  of  the 
island  lies  to  the  northward,  and  the  greater  proximity  of  Waikiki  to 
the  seashore  would  tend  to  draw  its  vertical  to  the  southward.    The 
astronomical  difference  of  longitude  between  the  same  two  stations  was 
determined  by  Mr.  C.  J.  Lyons,  assistant  in  charge  of  the  Government 
Survey  Office,  and  myself.    The  method  employed  was  by  exchanging 
signals  over  the  telephone  wire.    The  chronometei'S  were  rate-d  at  the 
two  observatories,  and  the  signals  were  sent  in  both  directions  by 
tapping  on  the  transmitter  box.    A  number  of  taps  were  made  at 
different  parts  of  the  second-hand  dial  to  eliminate  any  effect  of  eccen- 
tricity.   The  Waikiki  chronometer  had  a  rate  of  about  20*  daily,  which 
enabled  us  to  get  a  coincidence  of  beats  nearly  every  day  of  the 
exchanges,  so  that  there  were  no  fractional  parts  of  a  second  to  be 
estimated.    No  high  degree  of  precision  was  exi)ected  in  the  results,  yet 
they  agreed  within  one-fifth  of  a  second  for  the  six  days.    Stars  were 
employed  at  Waikiki  in  getting  the  diurnal  correction,  whereas  at 
Honolulu  the  sun  was  used.    On  one  day  the  exchanges  were  made  to 
depend  entirely  on  the  sun  at  both  places  as  a  test.    This  day^s  work 
agreed  well  with  the  others.    The  azimuth  of  the  Honolulu  instrument 
was  not  very  a<*curately  known ;  but  as  the  sun  only  was  observed  at 
this  place,  and  as  moreover  its  declination  at  the  time  was  about 
210  30',  and  the  latitude  of  the  station  was  21©  18',  it  is  evident  that 
the  azimuth  was  witliout  any  effect  on  the  time  observations.    The 
mean  result  from  several  days'  work  was  7»-4,  which  gives  a  difference 
between  the  astronomical  and  geodetic  ami)litude  of  0«*5,  the  astro- 
nomical being  the  greater.    The  connection  of  the  two  stations  would 
seem  to  indi(»ate  a  deflection  of  the  plumb  line  at  Ilonolulu  towards 
the  ESE.,  or  in  the  opposite  direction  at  Waikiki. 

Tlie  connection  of  the  Waikiki  triangulation  point  with  the  Govern- 
ment Survev  stations  is  shown  in  illustration  No.  10.  This  connection 
was  made  independently  by  IVfr.  J.  S.  Emerson  and  myself.  The  two 
measures  checked  each  other  and  the  agreement  was  satisfactory. 
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With  a  6-incli  theodolite,  kindly  loaned  by  Prof.  Alexander,  I  men^- 
ared  at  Waikiki  the  three  angles  defined  by  Punch  Bowl,  Tantalus, 
and  Diamond  Heail,  thus  closing  the  horizon  and  determining  the  i)o- 
sition  of  Waikiki  by  the  three-point  problem. 

The  result  of  my  own  measures  gave  the  following  geodetic  position 
for  the  zenith- telescope  pier  in  the  observatory: 

o     /       // 
^=  2116  26-7 
A  =  157  50    1-2 

AvS  the  observatories  and  the  piers  above  ground  were  removed  after 
the  completion  of  the  year's  work,  it  was  nect^ssary  to  connect  their 
lK)Jsitions  with  the  permanent  mark  at  the  Waikiki  trigonometric  sta- 
ti(m.  This  was  done,  and  the  measurements  are  given  in  illustration 
No.  11. 

Tlie  observatory  was  built  by  Harrison  Bros.,  of  Honolulu,  and  was 
essentially  similar  in  construction  to  that  built  by  Dr.  Marcuse  for  the 
International  Association,  the  Coast  and  Geodetic  Survey  building 
being  somewhat  different  in  shape  to  ac(X)mmodate  a  greater  number 
of  instruments.  Illustration  No.  6  gives  an  exterior  view  and  shows 
tlie  method  of  ventilation,  the  large  observing  slits,  and  the  means  of 
opening  these  by  a  system  of  pulleys.  An  interior  view  ai)pears  in 
illustration  No.  7,  and  shows  the  disposition  of  the  instruments  and 
indicates  the  particular  class  of  work  to  which  each  one  wjis  devoted. 

A  plan  (illustration  No.  12)  is  added,  drawn  to  scale,  giving  exact 
dimensions,  * 

INSTRUMENTS. 

The  entire  instrumental  outfit  taken  on  the  expedition  was  as  follows: 
Zenith  telescope  No.  2;  meridian  telescope  No.  2;  reconnoitering  tele- 
scope No.  30;  pendulum  apparatus  B;  chronograph,  Fauth,  No.  6; 
chronogra]>h,  Breguet,  No.  5;  magnetometer  No.  11;  dip  circle  No.  21 5 
merenrial  mountain  barometer  No.  3388;  aneroid  mountain  barometer 
No.  211;  Baudin  thermometers  9252,  11316,  11319;  sidereal  break-cir- 
cuit chronometer  Negus,  1825;  mean  time  break -circuit  chronometer, 
Bond,  177;  sidereal  watch  1335020;  photographic  outfit. 

The  following  miscellaneous  objects  were  also  taken:  Two  tents,  8  by 
8;  wall  tent  and  fly,  10  by  12;  tarpaulins;  8  dry-cell  batteries;  8  Ful- 
ler compound  batteries;  chronometer  cases;  electric  lamps;  switches; 
oil  stove  J  metre  scale;  jdane- table  compass;  steel  tape,  and  insulated 
wire. 

THE  ZENITH  TELESCOPE. 

Tliis  instrument  was  used  in  all  the  latitude  observations  at  Waikiki. 
It  has  a  focal  length  of  112*1  cm.,  with  a  clear  aperture  of  8'2  cm.  It 
is  shown  in  illustration  No.  8.  A  power  of  100  was  used  in  the  obser- 
vations. 
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Although  very  easy  of  manipulation  it  has  serious  defects,  a  few 
which  will  Ue  briefly  indicated.  The  instrument  was  much  too  ligl 
A  moderate  wind  affected  the  levels,  and  frequently  it  was  necessa 
to  reject  observations  on  account  of  the  uncertainty  of  the  level  res 
ing.  On  one  or  two  occasions  of  strong  wind  it  was  necassary  to  gi 
up  work  altogether. 

The  fact  that  the  time  was  very  limited  before  leaving  Washingt 
will  sufficiently  Explain  the  haste  necessary  in  the  preparation.  T 
zenith  telescope  was  an  adaptation  of  an  old  form  of  instrument.  1 
tube  is  placed  centrally,  and  the  remodeling  involved  the  constructi 
of  a  new  projecting  platform  at  the  top  of  the  vertical  axis.  The  he 
zontal  axis  was  made  longer  than  in  the  old  form.  The  supporting  trip 
at  the  base  was  confessedly  much  too  light,  and  the  double  foot-screi 
although  they  gave  a  fine  means  of  adjustment,  possessed  very  lit 
stability.  This  defect,  combined  with  the  somewhat  difficult  motioii 
the  micrometer  screw,  produced  considerable  discrepancy  between  1 
level  readings  before  and  after  the  bisections.  This  effect  was  neai 
always  in  the  same  direction.  It  varied  from  1/10  of  a  division  to  8y 
of  a  division,  and  indicated  that  the  whole  instrument  was  pushed  b< 
ily  by  the  manipulation  of  the  micrometer  and  revolved  about  a  li 
passing  through  the  lower  part  of  its  base.  It  is  evident  that  f 
clamps  holding  the  perforated  arm  and  the  fitting  of  the  pivots  in  t 
horizontal  axis  resisted  the  pressure  at  the  ocular  much  better  than  t 
total  weight  of  the  instrument. 

No  provision  was  made  for  reading  the  micrometer  while  sitting,  t 
cause  it  had  been  recommended  to  make  only  one  bisection.  Wh< 
for  various  reasons  it  was  deemed  advisable  to  point  three  times  < 
the  star,  a  mirror  was  attached  at  an  angle  of  45^  to  the  line  of  sigl 
which  enabled  the  observer  to  make  the  readings  of  the  micrometer  I 
reflection  without  changing  position. 

By  reference  to  illustrations  Nos.  7  and  12,  it  will  be  seen  that  t 
meridian  telescope  was  mounted  north  of  the  zenith  telescope.  Tl 
made  it  possible  to  use  the  former  as  a  collimator  for  the  latter,  and 
the  meridian  telescope  was  kept  accurately  in  the  meridian  from  dai 
star  observations  for  use  in  the  gravity  work,  a  fine  meridian  mark  w 
always  available  inside  the  observatory.  In  addition  to  this  a  ma 
was  placed  on  Makiki  Ridge  13,000  feet  away  exactly  north  of  the  t' 
piers.  This  was  done  by  Mr.  F.  S.  Dodge,  and  its  position  is  shown 
illustration  Ko.  9.  The  deviation  in  azimuth  of  the  meridian  telesco 
was  seldom  more  than  a  few  tenths  of  a  second  of  time.  The  zeni 
telescope  was  examined  frequently,  and  was  never  found  out  of  aij^n 
ment  beyond  the  limits  prescribed  for  this  kind  of  work. 

The  stops  on  the  horizontal  circle  used  in  defining  the  plane  of  1 
meridian  were  only  moved  when  it  was  necessary  to  observ^e  circumpo 
stars  for  micrometer  value,  and  only  on  one  or  two  occasions  were  h 
tude  and  micrometer  both  observed  on  the  same  night.    When  t 
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On  the  variation  of  latitude  at  WaiJcikij  Hawaiian  Islands. 

rasdoiie,  the  stops  were  replaced  by  means  of  the  graduation  of  the 
orizontal  circle.  Indeed  the  south  stop  was  always  so  set.  The  slight 
eviatiou  of  the  instrument  from  the  plane  of  the  meridian  has  very 
ittle  cfifect  on  the  resulting  value  for  the  latitude  if  the  north  and 
outh  azimuth  are  the  same,  the  greatest  correction  at  Waikiki  for  a 
enith  distance  of  30^  being  less  than  0''.01  for  an  azimnth  of  10**. 
Vhen  the  two  azimuths  are  different  the  correction  is  greater;  but 
ven  in  this  case  if  the  azimuths  do  not  exceed  10*  the  correction  is 
ardly  worth  taking  into  account.  The  horizontal  circle  of  the  t^le- 
coi)e  reads  to  30",  and  the  most  violent  assumption  could  never  place 
he  instrument  out  of  the  meridian  more  than  one  minute  of  arc.  Ad- 
littiiig  the  north  azimuth  to  be  practically  zero,  the  correction  to  the 
[ititude  for  south  stars  would  still  be  less  than  one-hundredth  of  a 
econd. 

The  following  table  gives  the  correction  to  the  latitude  for  various 
enith  distances  at  Waikiki.  The  first  column  is  on  the  supposition 
hat  both  the  K  &  S  azimuths  are  10^;  in  the  second  the  N  one  is  con- 
idered  zero  and  the  S  one  10*. 


Zenith 
distance. 

Corrections  to  latitude. 

o    . 

// 

// 

o 

0000 

O'OOI 

5 

•000 

•003 

lO 

•000 

•005 

15 

•002 

•008 

20 

•003 

•on 

25 

•005 

•016 

30 

•007 

• 

•020 

The  corrections  to  the  observed  latitudes  on  account  of  errors  of 
evel  and  collimation  were  sensibly  constant  throughout  the  year  and 
'ractically  insignificant. 

The  efl'ect  of  an  inclination  in  the  horizont^il  axis  is  to  make  the  tele- 
^-ope  describe  a  great  circle  whose  inclination  to  the  plane  of  the  nierid- 
ii)  is  given  by  the  level  readings  on  the  horizontal  axis.  The  star 
*ill  be  observed  when  it  has  an  hour  angle  equal  to  the  inclination  of 
he  axis  in  seconds  of  time  multiplied  by  the  level  factor  B,  depending 
H  the  star's  declination  and  zenith  distance.  The  effect  of  an  error  in 
ollimation  is  to  make  the  line  of  light  describe  a  small  circle  whose 
istance  from  the  plane  of  the  meridian  is  measured  by  the  angle  be- 
^een  the  line  of  sight  and  the  axis  of  collimation.  The  hour  angle  of 
n  observed  star  is  the  distance  on  the  equator  in  seconds  of  time 
xulti])lied  by  the  secant  of  the  declination.  Now  the  efl'ect  on  a  meas- 
r«d  zenith  distance  will  be  given  in  either  of  these  cases  by  the  formula 

2  sin*  1 
sin  1"  ^ 
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Illustration  ^o.  13  sbowH  the  values  of  the  azimuth,  level,  and  colli* 
mation  factors  for  Waikiki  for  every  10^  of  declination.  The  greatest 
value  for  the  level  factor  for  the  latitude  stars  is  1-35,  while  that  of  the 
collimation  factor  is  1'56.  In  order  to  produce  a  correction  to  the  lati- 
tude exceeding  O'^Ol  for  the  highest  stars,  it  would  be  necessary  to 
suppose  a  value  for  the  inclination  of  the  horizontal  axis  of  about  1 
minute  of  arc  and  of  several  seconds  for  the  error  of  collimation,  neither, 
of  which  suppositions  is  admissible.  The  factors  for  relative  weights, 
azimuth,  level,  and  collimation  in  the  time  reductions  were  taken  from 
the  plotted  sheet,  and  considerably  facilitated  the  reductions. 

BEDI'CTION   TO   THE  MEBIDIAN. 

In  the  field  reduction  of  the  latitudes  the  correction  for  meridian  dis- 
tance-was made  on  the  supposition  that  the  star's  path  from  A  toB 
and  from  B  to  G  in  Fig.  1  was  a  straight  line. 


Fio.  1. 


The  e(iuatorial  interval  of  the  vertical  threads  is  O^-S.  The  bisections 
were  made  at  A,  B,  and  C,  or  rather  the  first  bisecrtion  was  never  per- 
fected until  the  star  had  passed  A  and  the  third  wiis  finished  before 
it  arrived  at  C,  but  it  is  obviously  impracticable  to  designate  within 
several  seconds  for  each  particular  star  just  when  the  pointing  was 
concluded.  The  error  introduced  by  the  above  supposition  is  very 
much  inside  that  of  observation  an<l  vastly  inferior  to  the  probable 
error  of  the  declination,  and  was  therefore  not  considered  important 
in  the  field  reduction.     In  the  final  computation,  however,  a  rigorous 

2  sin*  »> 
correction  was  applied,  and  the  quantity —  .    -J^  i  sin  2  ^  being  rep- 

ni 
resented  by  w,  a  correction  of -.-was  applied  to  the  mean  of  the  three 

2  III 
micrometer  readings,    «    being  the  reduction  for  a  measured  zenith 

distance,  and  one-half  of  this  being  the  correction  to  the  latitude. 
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On  the  variation  of  latitude  at  WaiJciJci,  Hawaiian  Islands. 

THE  MICROMETER. 

The  valae  of  one  revolution  of  the  micrometer  screw  was  determined 
12  times  with  the  following  results: 


Date. 


1891. 
Aug.     2 1 


Sept. 
Nov. 


30 

17 

8 

8 
22 
22 


1892. 

May  21 
21 

June  5 
10 
12 


I. 


SUr. 


Polaris. 

do. 

do. 
6  Uisse  Min. 
51  Cephei. 
6  Ursse  Min. 
51  Cephei. 

i  Ursse  Min. 
51  Cephei. 
i  Ursae  Min. 

do. 

do. 


Intervals. 


Half  turns. 

do. 

do. 
Whole  turns. 

do. 

do. 

do. 

do. 
do. 
do. 
do. 
do. 


Elongation. 

Value. 

// 

East. 

46-402 

do. 

•400 

do. 

•348 

West. 

.322 

East. 

•413 

West 

•342 

East. 

•433 

East. 

•452 

West. 

•439 

East. 

•401 

do. 

•391 

do. 

•427 

Probable 
error. 


// 
±z  *oi3 

*OI2 
•018 
•015 
•014 
•015 
*024 

•017 
*OI2 
•026 
•  .025 
•028 


Mean  value  46^^-397  -J.^^-oo8 

With  regard  to  these  determinations  it  should  be  remarked  that  the 
situation  of  Waikiki  is  very  unfavorable  for  such  an  investigation. 
The  altitude  of  the  stars  used  was  only  21o.  This  generally  would  give 
an  unsteady  atmosphere,  but  in  addition  we  had  high  mountains  imme- 
diately north  of  the  station,  around  which  the  clouds  continually  hung. 
The  probable  error  of  the  determination  is  therefore  large.  But  when 
we  consider  that  the  zenith  distances  of  the  latitude  stars  are  almost 
perfectly  balanced  for  each  group,  thus  eliminating  in  the  final  result 
any  error  in  the  value  of  the  micrometer  screw,  this  slight  uncertainty 
becomes  of  no  importance. 

The  screw  was  examined  for  irregularities  in  the  whole  turns  in  the 
following  manner:  The  reduced  times  from  33  turns  to  3  turns  were 
tabulated  and  from  them  the  mean  time  for  one  turn  was  determined. 
This  value  being  applied  to  the  mean  of  all  the  tabulated  times,  we 
have  the  theoretical  values  corresponding  to  the  different  turns,  and 
the  difference  between  these  theoretical  values  and  those  actually  ob- 
ti&iried  by  observation  gives  the  irregularities  of  the  screw  at  the  dif- 
ferent turns. 

No  very  decided  irregularity  was  discovered  except  at  the  seventh 
and  eighth  ai\d  thirty- second  turns,  and  even  here  the  correction  to  the 
resulting  latitudes  was  too  small  to  be  of  real  importance.  Moreover, 
the  number  of  observations  which  during  the  course  of  the  work  act- 
ually fell  on  these  particular  divisions  was  almost  insignificant.  Ko 
correction  was  adopted  for  the  periodic  inequality,  as  the  observations 
were  scanty  and  failed  to  bring  out  any  pronounced  fact  in  regard  to 
it.  The  range  of  temperature  for  the  entire  year  was  not  more  than 
110  C.,  so  that  the  changes  of  temperature  can  hardly  be  said  to  have 
influenced  the  micrometer  values. 
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INCLINATION  OF  THE  MICJtOMETEB  THB£AD. 

For  a  short  time  after  the  beginning  of  the  work  the  micr 
thread  was  sliglitly  inclined  to  the  tangent  to  the  star's  path  at 
nation.  An  adjustment  wa$  made  on  June  20,  and  its  positi* 
not  subsequently  disturbed.  Before  this  date,  all  zenith  dit 
which  have  not  corresponding  observations  before  and  after  t 
ridian  require  a  very  appreciable  correction  from  the  above-mei 
cause.  After  June  20  the  adjustment  was  such  that  no  incl 
could  be  detected  by  a  cursory  inspection  of  the  observations, 
theless,  by  combining  many  of  the  bisections  it  was  found  tl 
mean  inclination  gave  a  value  which  would  still  be  appreciabli 
the  observation  was  some  distance  from  the  meridian. 

Two  values  for  the  inclination  were  therefore  deduced— one  a 
ble  before  and  the  other  after  June  20.  It  is  assumed  that  the  i 
tion  did  not  change  between  this  date  and  the  close  of  the  wor 
than  a  year  later.  This  was  tested  by  a  careful  scrutiny  of  t 
ord  at  several  epochs  during  the  interval,  the  greatest  diflfere 
tween  the  mean  value  adopted  for  the  inclination  and  that  d 
ftom  individual  groups  only  causing  a  difference  of  one  or  t^ 
dredths  of  a  second  in  the  correction  to  the  latitude. 

VALUES  OF  THE  LEVELS. 

Zenith  telescope  Ko.  2  was  provided  with  two  levels  mi 
Reichel.  Dr,  Marcuse  kindly  brought  these  to  Washington  on  1 
to  Honolulu.  They  are  distinguished  as  A  and  B.  The  values 
division  were  determined  by  the  maker,  by  Dr.  Marcuse  at  Ber 
by  Mr.  Fischer  in  Washington. 

The  following  were  the  results: 

Values  of  levels. 


Observer. 

A. 

B. 

Rcichel 

Marcuse 

Fischer 

Mean 

l''l32 

1^^-178 

i//'276 
I ''^•076 

1//.223 

In  December,  1891,  a  very  exhaustive  determination  was  m; 
myself  at  Waikiki,  using  the  micrometer  attached  to  the  zenil 
scope.  All  parts  of  the  screw  were  used  from  5  turns  to  31  tur 
in  all  about  70  individual  values  were  obtained.  When  the  me 
taken  the  result  was,  for  A,  1"«194;  for  B,  1"'230.  This  was  e 
the  mean  of  all  the  others  that  it  was  adopted  in  the  latitude 
tation. 
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The  level  vial  as  mounted  on  the  telescope  is  incased  in  a  hollow 
glass  tabe,  to  protect  it  against  sudden  changes  of  temperature.  This 
glass  tube  is  itself  covered,  except  directly  above  the  level  scale,  by  a 
blanket  of  thick  baize.  Attention  has  sometimes  been  called  to  an 
error  of  reading  from  parallax  on  account  of  this  outer  glass  tube.  An 
insxHH^tion  of  the  formula  for  the  level  coiTCction  shows  the  eftect  of 
errors  from  imperfect  readings  is  indeed  very  small. 

If  N  and  S  are  the  readings  of  the  north  and  south  end  of  the  level 
before  reversal,  and  n  and  s  the  readings  after  reversal,  the  correction 
to  the  latitude,  disregarding  for  the  moment  the  sign,  is 

(y+8)-(n  +  /r)      ^ 
2  * 

the  first  factor  being  the  mean  motion  of  the  bubble.    Now  if  we  sup- 
pose one  of  these  readings  liable  to  an  error  of  one-quarter  of  a  divis- 
ion—!, e.,  supposing  the  reading  was  only  made  to  the  nearest  half  di- 
Yisiou  and  1  dlvision=l"'21 — the  error  in  the  latitude  correction  is 
O^'-OT,  and  when  combined  with  the  result  from  another  level  the  error 

.  would  only  be  0"'03.  Each  latitude  correction  depends  on  8  readings 
(each  end  of  both  levels  before  and  after  reversal)  so  that  in  the  mean 

I  reading  there  would  necessarily  be  some  compensation  of  errors,  and 
the  effect  on  the  final  latitude  would  certainly  not  be  more  than  0"'01, 
even  if  the  readings  were  only  made  to  the  nearest  half  division. 
Moreover,  the  above  formula  shows  that  if  the  north  end  was  read  too 
large  hoth  before  and  after  reversal  the  latitude  correction  is  un- 
changed, and  similarly  for  the  south  end.  This  explains  to  a  certain 
extent  the  fact  that  the  deduced  latitudes  are  about  as  concordant 
where  only  one  reading  wa«  made  for  each  star  as  where  the  level  was 
read  both  before  and  after  making  the  bisections  with  the  micrometer. 
It  is  evident  that  if  the  influence  on  the  level,  consequent  upon  making 
the  bisections,  is  in  the  same  direction  and  of  the  same  amount  for 
hoth  stars  the  resulting  value  of  the  latitude  is  unchanged. 

The  large  range  in  the  individual  values  is  due  principally  to  the  in- 
accuracies of  the  level  indications.  In  several  cases  the  original  notes 
winark  that  the  level  was  moving  at  the  time  of  reading.  These  values, 
howeverj  were  retained  because  the  d^s(»ordant  value  of  the  latitude 
arises  in  this  case  from  a  condition  inherent  to  the  instrument,  and 
there  is  no  valid  reason  for  rejecting  them. 

SPECIMEN    OF    PB06BAMME   OF   WORK    AND    BECOBD    OF    OBSEEVA- 

TIONS. 

The  detenninations  of  latitude,  time,  and  gravity  during  the  same 
evening  made  it  necessary  to  utilize  the  intervals  between  the  star 
pairs,  and  sometimes  between  individual  stars  of  the  same  pair,  by  ob- 
serving for  time  with  the  meridian  telescope  and  noting  the  pendulum 
coincidences  with  the  gravity  ai)paratus. 
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The  following  schedule  gives  a  specimen  of  tlie  programme  from  18^ 
40™  10%  the  time  of  observation  of  the  first  star  of  pair  1  of  Group  HI, 
to  18*'  55"  21%  the  time  of  the  ttrst  star  of  pair  2  of  the  same  group: 


Time. 

h. 

m. 

s. 

i8 

40 

10  ' 

1 

40 

40  i 

42 

00    ; 

44 

00 

44 

50 

45 

50 

46 

10 

48 

03 

48 

45 

49 

15 

50 

00 

50 

30 

SI 

00 

i8 

5« 

45  , 

52 

00  1 

54 

00  1 

55 

00 

Occuiwtion. 


Olwervc  star  No.  2633  (Pulkowa). 

Recoiil  bisections,  read  levels  and  record. 

Read  inside  and  outside  thermometers  and  wet  and  dry  bulb. 

Observe  star  No.  2647. 

Start  chronograph  and  switch  in  chronometer. 

Observe  [i  Lynv  for  time. 

Set  zenith  telescope  for  next  pair  of  latitude  stazs* 

Compare  chronometers  and  mark  sheeL 

Point  telescope  for  o  Draconis. 

Observe  «  Draconis. 

Set  telescope  for  -&  Serpentis  (pr.). 

Ol)serve  ^  Ser])entis. 

Stop  chronoj;raph,  switch  out  chronograph  and  start  flash  apparatus. 

Start  pcndulu'i). 

Read  manometer  and  thermometer  on  dummy  and  record  them. 

C)l>serve  first  coincidence  and  make  record. 

Observe  star  No.  2681  for  latitude. 


Specimen  of  latitude  record,  \%^  40™  io»  to  19**  3«  7«. 

Oroup  HI. — July  4, 


Fair. 

Micrometer. 

Level  A. 

Level  B. 

Turns. 

Divisfoni. 

N. 

S. 

N. 

S. 

I 

25 
13 

82.5 
980 

810 

20 

810 

O'O 

11*9 
310 

340 
9*o 

628 
799 

82*6 
60^ 

a 

29 
II 

O-O 

628 

O'O 

627 

990 

62-5 

9'0 
310 

310 
9-0 

60-3 
800 

80-0 
60-1 

From  June  6, 1891,  to  November  15, 1891,  the  level  was  only  read 
after  the  bisections  of  the  star.  From  November  15,  1891,  to  June  25, 
1892,  readings  were  made  before,  as  well.  This  course  was  necessary 
because  no  electric  lights  were  provided  until  November  16,  and  the 
great  sensitiveness  of  the  levels  made  it  inadvisable  to  hold  the  highly 
heated  bulFs-eye  lantern  near  enough  to  read  them  before  the  bisec- 
tion was  made. 

COMPARISON  OF  THE  LEVELS, 

On  the  whole,  level  A  appeared  to  be  nioi-e  sensitive  than  B.  They 
cannot  be  comi)ared,  however,  in  regard  to  delicacy  by  reference  to  the 
individual  latitude  results  except  in  so  far  as  the  magnitude  of  the  dis- 
crepancies is  concerned.    U  one  level  is  more  sensitive  than  the  other. 
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On  the  variation  of  latitude  at  WaiJciki,  Hawaiian  lalands. 

irhether  the  resulting  latitude  is  gnniter  or  less,  depends  on  tlu;  diro<s 
tioD  of  the  vertical  a^cis  of  the  instrument.  If  A  has  moved  farther 
than  B  after  reversal  and  the  axis  of  the  instrument  points  to  the  north 
of  the  zenith  the  latitude  from  A  will  be  less  than  from  B,  whereas  in 
case  the  instrument  points  to  the  south  the  reverse  will  be  the  case. 
So  thsit  the  only  way  is  to  take  actual  level  rea<lings  and  compare  them. 
The  means  for  the  readings  of  the  two  ends  of  the  bubble  being  taken, 
and  the  means  for  the  motion  before  and  after  bisections  of  the  star,  we 
have  the  following  table  from  Group  VII.  +  indicates  that  A  has 
moved  farther  than  B. 


Date. 

a 

4 

5 

6 

7 

8 

1892. 

d 

d 

d 

d 

d 

d 

Feb.  24 

-fo-28 

+0-25 

-f  002 

4-0-50 

~0-22 

o-oo 

27 

-f  -05 

-h  -52 

.+  80 

+  07 

+  -45 

+  -27 

28 

-f  -30 

-f  -28 

^-  -35 

+  30 

-f  -30 

-  18 

29 

+  -32 

+  -25 

-f-  -20 

-h  -65 

-f  -07 

-f  -22 

March  i 

~  15 

-f  10 

-f  18 

H-  42 

•4-  -12 

--  '05 

2 

-f  -25 

-f  18 

+  -55 

-f  -45 

+  -42 

-f-  'lO 

5 

-f  10 

—  15 

+  30 

+  -17 

-f  05 

+  -25 

9 

4-  '22 

+  -25 

-f  -22 

—  12 

—  12 

-f  -lo 

10 

+  05 

-  -OS 

4-  '22 

-|-  -22 

—  25 

•00 

16 

-f  'lo 

-f  -IS 

-f  'lO 

4-  07 

+  -22 

—  -18 

21 

-•48 

—  -20 

—  -20 

4-  -22 

-f-  -lo 

•4-  -15 

24 

-f  -25 

—  -lo 

—  -28 

4-  30 

-f  02 

—  '5 

The  figures  are  the  differences  between  the  motions  of  the  two  bub- 
bles, and  the  table  shows  that  A  is  in  general  more  sensitive  than  H. 

In  order  now  to  see  the  effect  of  the  discrepiincies  of  the  indications 
of  the  two  levels  on  the  final  latitude  results,  the  following  summary  is 
given.  It  is  made  up  from  Groups  III  and  VII,  involving  observations  in 
the  warmest  part  of  the  year  and  the  coolest.  The  quantitit^s  arc  the 
latitude  from  level  A  minus  that  from  level  B.  The  wwmu  for  the 
results  in  August  and  September  is  —  0".()G2,  and  from  February  and 
M^x^li  we  get  —  0".022.  The  weighted  mciin  is  —  0".015, 
S.  Ex.  37-^ 
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III. 

Date. 

--r- 

Pair— 

i 

I. 

2. 

3. 

4. 

5- 

6. 

•  7. 

8. 

Star  first. 

N 

\ 

N 

S 

N 

N 

8 

N 

<PA       <pfi 

</>A  -  <?>B 

(PK     <p\\ 

fpK <PB 

^A  -    ^B 

1 

<f»k—<Pm 

^A--^ 

1891. 

// 

// 

ff 

// 

// 

■  // 

■ 

ff 

Aug.      5 

H-I4 

-i-i7 

+  •11 

—  •21 

-t  '16 

+  •08 

—•43 

—•06 

10 

—•18 

+  ■28 

-15 

-•39 

—•09 

~'^ 

—  14; 

14 

-1  09 

-fo6 

—  04 

—  •21 

—•02 

-•38 

—•28 

^"21    ; 

15 

-15 

-05 

—•49 

-•04 

-f-13 

—  16 

— 'lO 

4--07 

16 

---•18 

J07 

-I-03 

-13 

•00 

-05 

—•42 

+•30 

26 

-   23 

4--35 

—•04 

•16 

—•20 

-f'OI 

-•23 

-f-27 

29 

-05 

-f  "02 

+•09 

•18 

■00 

4- -06 

—  17 

-f -lo 

3" 

-•40 

t  -lo 

4-12 

—  •21 

-f-o6 

—•01 

—43 

k     -f3o 

Sept.      2 

-'33 

—  -09 

-f04 

-r05 

-J--2I 

+•14 

—  n 

r     +18 

9 

—  11 

-f     10 

—•06 

•34 

—•12 

+•13 

—59 

—•05 

12 

-19 

■f    23 

—  10 

—•II 

•16 

-|-*IO 

—•02 

-f-24 

iS 

-f--o() 

—  01 

-J   09 

-14 

—•22 

-19 

—  04 

—32 

// 

// 

// 

// 

// 

// 

ff 

ff 

-128 

-|--I02 

—•033 

—•^72 

—.021 

-033 

— -265 

+  057 

1 

Mean  of  results  for  8  pairs  r^  — 0^^-062, 


VII. 
Date. 

Pair-- 

• 

! 
1 

2. 

4- 

5. 

6. 

7. 

8. 

Star  first. 

N 

N 

S 

S 

x\ 

N 

9>A     (pa 

(P\—<PB 

<PK       <pJi 

<PA— ^B 

^A— <?>B 

<pK—(pn 

' 

1892. 

// 

ff 

ff 

ff 

ff 

ff 

I 

Kcl>.     24 

+  11 

—  15 

•00 

—•24 

-|.I4 

—•04 

27 

•00 

—  •32 

--•39 

—  03 

+•20 

+•11 

28 

—  14 

—    11 

—  •12 

-16 

+  18 

•12 

29 

+  •17 

-13 

—  •20 

~-33 

—•04 

-•«3 

Mar.       I 

-[-•19 

--•06 

—•07 

—•21 

—•04 

+•02 

2 

-f-14 

+  11 

•30 

—•22 

—•22 

—  03 

5 

—•04 

4-II 

—•10 

—•05 

—•01 

-13 

9 

+•12 

-f-14 

—  -12 

+•08 

+•09 

—  04 

10 

•00 

+  04 

—•12 

—•II 

+•15 

•00 

16 

+  04 

+  •09 

—  03 

+•01 

— -09 

+•08 

21 

+•14 

-f--i4 

+  03 

—•04 

—•04 

—•06 

24 

+•14 

+•06 

+  •22 

-14 

—•02 

+•10 

Meaiu=  — ''•022 

+•072 

+•010 

—  100 

—•120 

+•025 

— ^020 

// 


6  pairs  give  — '022 

8  pairs  give  — '062 

Weighted  mean  z^  — '045 


The  smallness  of  tbis  quantity  is  due  to  the  fact  that  there  are  aboat 
as  many  positive  as  nei^ati ve  corrections.  If  B  is  always  more  sloggidi 
than  A  and  to  the  same  degree,  and  the  vertical  axis  is  inclined  as  often 
to  the  north  as  to  the  south  and  by  the  same  amount,  it  is  plain  that 
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the  means  of  all  the  latitudes  from  each  level  will  be  equal.  We  may 
reasonably  supi>08e  that  the  average  dittereiice  between  A  and  B  as 
affecting  the  final  latitudes  is  considerably  less  than  the  weighted  mean 
given  above. 

ATMOSPHERIC  PRESSURE  AND  TEMPERATURE. 

The  barometer  and  thermometers  were  used  several  times  every  night 
in  connection  with  the  determinations  of  the  force  of  gravity.  The 
range  during  the  whole  year  is  so  small  that  these  factors  can  have  no 
influence  on  the  latitude  observations  as  far  as  changes  in  the  refrac- 
tion are  concerneil.  The  inside  temperature  of  the  observatory  was 
about  a' degree  higher  than  the  outside  temi)erature  and  the  range  for 
the  whole  year  during  the  hours  of  observation  was  from  15^  G.  in  Jan- 
uary to  260  in  August.    The  barometer  ran  from  758™"»  to  768°»™.  j 

BATTERIES. 

The  following  batteries  were  employed  in  the  observatory  work. 
See  illustration  No.  12. 

I.  5  cells  bichromate  of  potash  battery  for  zenith  telencope  electric  lights.  Three 
cells  were  iiscd  for  the  hand  lamps  and  one  cell  for  tlic  axis  lamp.  This  bat- 
tery required  renewing  every  two  mtmths. 
II.  2  cells  gravity  battery  (snlphate  of  copper)  for  chronographic  re^i^istration  of 
star  transits.  The  battery  required  attention  twice  during  the  year. 
III.  1  C4ill  Bnniley  dry  battery  for  gravity  flash  apparatus.  Three  of  these  ceUs 
sufficed  for  the  entire  occupation  of  Waikiki  involving  observations  on 
nearly  200  nights. 

RELATIVE  PROBABLE  ERRORS. 

Since  diflferent  opinions  are  held  among  observers  as  to  the  rela- 
tive merits  of  increasing  the  number  of  bisections  on  a  star  or  increas- 
ing the  number  of  levels  to  be  read,  or  of  reading  the  levels  before  and 
after  the  bisection,  it  is  worth  while  to  examine  this  point  in  the  light 
of  the  observations  themselves.  The  case  will  also  be  considered  where 
the  levels  are  read  only  to  the  nearest  half  division. 

It  would  evidently  be  a  waste  of  labor  to  work  out  all  the  different 
cases  or  combinations  that  could  arise  under  the  supposition  of  one, 
two,  or  three  bisections^  one  or  two  levels,  readings  made  before  bi- 
section or  after,  or  readings  made  with  two  different  degrees  of  accu- 
racy. This  would  require  24  cases,  being  the  number  of  combinations 
of  4  things,  taking  1  out  of  each  of  4  collections,  the  different  collec- 
tions containing  3, 2, 2,  and  2  things,  respectively,  or,  which  is  the  same 
thing  if  we  consider  the  bisection  and  the  inclination  as  the  necessary 
requisites  for  the  result,  we  have  two  collections  with  3  and  8  things, 
respectively,  which,  as  before,  gives  24  cases.  Of  these  cases  the  fol- 
lowing are  worth  investigating  and  are  here  given  with  the  respexjtive 
probable  errors  of  observations  and  that  of  the  mean  result.    The  ob- 
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servations  chosen  are  those  of  Group  VII,  extending  over  one  month, 
from  February  24,  1892,  to  March  24, 1892,  giving  12  valnes  for  each 
pair.  Pairs  1  and  3  were  not  included  in  the  investigation.  On  account 
of  the  short  time  between  the  two  stars  of  ptiir  1,  and  between  pairs  2 
and  3  the  f^iU  complement  of  level  readings  could  not  be  made.  As 
one  of  the  objects  is  to  compare  results  from  readings  before  and  after, 
only  pairs  were  taken  giving  the  necessary  data. 

Probable  errors  of  observation. 


l»air. 

Probable 

Group  VI 1. 

Mean. 

error  from 
one  ni;:ht*s 

a. 

4- 

5. 

6. 

7. 

8. 

work. 

// 

// 

// 

// 

// 

// 

// 

// 

a 

•15 

•"7 

•18 

•15 

•15 

•13 

•155 

•039 

b 

•17 

•17 

•19 

•15 

•«5 

•14 

•162 

'O4O 

c 

•23 

•25 

•26 

•17 

•14 

•21 

•210 

•052 

d 

•J  7 

•19 

•21 

•18 

•18 

•14 

•178 

•045 

e 

•17 

•16 

•18 

•15 

•14 

•12 

•153 

•038 

f 

•17 

•16 

•22 

•16 

•17 

•12 

•167 

•042 

g 

•27 

•22 

•24 

•15 

•15 

•21 

•207 

•052 

a  =  3  bisections,  2  levels,  before  and  after,  nearest  tenth  division. 

^  =  3  bisections,  2  levels,  before  and  after,  nearest  half  division. 

f  =  I  bisection,  2  levels,  before  and  after,  nearest  tenth  division. 

</  =  3  bisections,  2  levels,  before,  nearest  tenth  division. 

/  =  3  bisections,  2  levels,  after,  nearest  tenth  division. 

/=  3  bisections,  i  level,  before  and  after,  nearest  tenth  division. 

^  =  I  bisection,  i  level,  after,  nearest  tenth  division. 

a  and  b  have  ref'Tence  to  the  accuracy  necessary  in  reading  the  levels. 

a  and  c  have  reference  to  the  number  of  bisections. 

a  and  r/,  a  and  ^,  have  reference  to  the  number  of  readings  to  be  made  of  level. 

a  andy,  have  reference  to  the  number  of  levels  to  l>e  read.    * 

d  and  /•,  have  reference  to  the  time  of  reading  level. 

g  is  the  case  ordinarily  employed  in  the  field  of  work  of  the  C.  and  G.  S. 

a  is  the  case  employed  in  the  Waikiki  work  after  November  15. 

It  is  not  supposed  that  the  conclusions  drawn  from  this  investiga- 
tion apply  rigorously  to  all  classes  of  instruments  or  to  widely  differ- 
ent conditions  of  work,  but  they  certainly  form  a  criterion  for  judging 
of  the  most  advantageous  way  of  observing  with  x>ortable  instruments 
as  pursued  in  the  field  work  of  our  own  service. 

THE  STAB  LIST. 

The  stars  observed  for  the  variation  of  latitude  were  identical  for 
the  two  observers  and  were  selected  by  Dr.  Marcuse  before  leaving 
Germany.  They  were  divided  into  8  groups,  making  a  total  number 
of  63  pairs.  This  list  was  prepared  with  great  care,  and  combines  all 
the  conditions  necessary  for  precise  latitude  work. 

The  zenith  distances  are  all  within  29^,  and  the  stars  are  so  selected 
that  the  sums  of  the  north  and  south  zenith  distances  for  each  group 
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are  practically  equal.  The  declinations  of  the  stars  are  well  determined. 
Their  proper  motions  are  for  the  most  part  known,  the  stars  having  been 
observed  by  Bradley.  No  bright  stars  were  taken,  and  those  of  the 
same  pair  were  as  near  as  x>ossible  of  the  same  magnitude.  Moreover, 
the  differences  of  zenith  distances  for  any  pair  did  not  exceed  18',  and 
the  difference  of  right  ascension  between  stars  of  the  same  pair  was 
never  more  than  17  minutes. 

The  mean  places  of  these  stars,  as  far  as  concerns  the  observations 
made  on  the  part  of  the  Coast  and  Geodetic  Survey,  were  derived  by 
Mr.  Farquhar.  of  the  Computing  Division.  The  same  system  was  fol- 
lowed as  in  the  case  of  the  Bockville  observations,  and  the  following 
extract  from  Assistant  Schott's  report  on  that  work  is  a  statement  by 
Mr.  Farquhar  of  the  principles  on  which  the  reductions  were  made: 

<' Combination  weights  used  for  adopted  polar  distances  in  Eockville 
latitude  list:  Twenty  catalogues  used  in  computing  latitudes  on  this 
Sui-vey  were  tested  and  their  probable  errors  repcn-ted  in  June,  1890. 
These  results  were  made  the  basis  of  the  following  series  of  weights: 
the  unit  of  weight  corresponding  to  a  probable  error  of  ±  a/  o^l  and 

the  ratio  of  observation  error  to  systematic  error  being  taken  (for  all 
catalogues  alike)  =  Vs^  so  that  if  w^  be  the  weight  of  an  infinite  num- 

ber  of  observations  and  Wi  of  one,  w  =  zn~h  ^^    =  zrt  -^  ^i« 

'         n-f- o    CO      n-f-o 

The  weight  of  no  polar  distance  therefore  can  exceed  six  times  that 

of  a  single  observation,  given  in  the  table  below: 

Ca/alopte. 

Lalande  d,  Weisse-Bessel  e  0*015 

d' Agelet  a,  Piazzi  fi  '02 

RQmker  e  '025 

Taylor  fi  -04 

Groombridge  fl  '06 

Armagh  '75  '07 

Annagh  '40,  Jacob  )5,  Smyth  /3  'oS 
Auwers-Bradley  a,  Paris  '45,  Main  fl,  Glasgow,  Cape  '40  e         'og 

RadcliiTe  '60  *io 

/  Radcliffe  *45  '12 

Pond  fif  Cambridge  '30 /ff,  Greenwich  6  yr.  •14 

Washington  *l6 

Cape  '50  e,  Bonn  fi,  Paris  '60,  Rome  *i8 

Paris  '75  '20 
Henderson,  Greenwich  7yi,  Melb.  y5,  Cape  *8o  e,  Ann  Arb.  e  '25 
Struve  Pos.  M.  fl  Greenwich  I2y  (i  -|-  2),  Brussels,  Becker  e         '3 

Polkowa  merid.  circle,  Greenwich  7y2,  Cordoba  y  -35 

Abo  p,  Harv.  '85  e  -4 

Greenwich  9y.,  Harv.  '75  •$ 

Leiden /9  -6. 

Romberg  a  •'J 

Pulkowa  vert,  circle/^,  Greenwich  toy,  *^ 
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Id  this  tabl^:-  vei^hts  were  de*iTi««d  t*yt  catalogae»  nuurked: 

a ^'iin  probable  errors  of  observation  giTen  in  the  prefaces  to 

the  cratalognea^ 
fi finm  Boess's  inTe:m»tioas.  }  of  bis  weights  being  taken — 

i.  e..  hU  nnic  being  sappooed  to  corre^poad  to  a  probable  error  of 

y from  a  aecermination  of  53r«tematic  error  by  myself,  nsing 

the  method  of  Boss. 

6 from  determination  of  observation  error  bv  m vself  and  for- 

mnia  above  as  in   <>  . 

€ iTom  simple  estimate,  the  places  being  too  few  for  better 

methods. 

Others,  from  the  results  obtained  in  1$90. 

Piazzi.  Taylor.  .Taci>b.  Main,  and  a  few  others  nse<l  by  Safford,  I  have 
to  take  at  second  hand.  l»eing  without  the  originals.  For  stars  of  the 
Berliner  Jahrbuch.  Dr.  Auwrrs's  combination  of  the  anthorities  used 
by  him  was  usually  a4'cepted.  I  of  his  tot;d  weights  being  allowed  them 

(t.  e.,  his  probable  error  taken  =  ±  V^^  *16  for  ir  =  1)  and  the  weighUi 
of  this  table  used  for  the  remaining  authorities.** 

The  following  is  the  list  with  the  squares  of  the  probable  errors  of 
declination  («';  and  the  proi>er  motion  in  declination  {^): 

GKOrP  I. 


Piir. 

Rig  tit  a<<ertSi<.> 

Declioatit^n. 

No.  Pulko**. 

i:>ao 

>, 

1 
1 

»S^a-o. 

•». 

^^ 

A.      rt. 

J. 

0 

f          // 

ff 

^/ 

1 

202I 

«3     ^7 

46 

—  7 

4       3*21 

•07 

-fO*02I 

2027 

30 

2 

-!-49 

34        5S2 

•02 

4-    '02 1 

2 

2056 

41 

42 

20 

14     3S75 

•03 

—  -077 

2064 

44 

16  ' 

16 

20      1-53 

•02 

+    -029 

3 

2093 

H      3 

37' 

44 

22      5-6S 

•03 

—   -032 

2113 

13 

59 

—  I 

45    5756 

^5 

—  -079 

4 

2120 

21 

26 

-ri9 

42    4563 

•03 

+    -017 

2134 

27 

40 

22 

44      «'58 

•04 

+   -030 

5 

2139 

29 

59 

30 

12    51-90 

•03 

4-    119 

2140 

36 

32 

12 

7     3479 

•02 

—  '105 

6 

2163 

46 

14 

37 

42    55*02 

•04 

-f  -090 

2177 

54 

0 

4 

59    50-95 

•05 

—  -023 

7 

2204 

15       9 

58 

29 

Zo    5505 

•04 

+  -019 

2214 

»7 

16 

12 

57     15-47 

•04 

—  -032 
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GROUP  II. 


Pair. 

Right  ascension. 

Declination. 

No.  Pulkowa. 

i893'o 

1 

iS^a'c 

». 

t». 

t^' 

n,     tft. 

s. 

0 

// 

// 

/f 

// 

1       I 

2387 

i«>    37 

14 

27 

7 

3074 

•07 

— -062 

2409 

47 

10 

15 

9 

2051 

•04 

— '014 

2 

2420 

56 

24 

22 

47 

29.61 

•05 

-•043 

2430 

59 

59 

19 

4* 

5497 

•04 

—•016 

i     3 

2437 

17      4 

6 

24 

37 

3876 

•08 

— -060 

2456 

15 

33 

18 

10 

7-5" 

•06 

-•037 

4 

2464 

19 

41 

16 

24 

232 

•05 

—  044 

1 

2479 

26 

22 

26 

II 

3219 

•03 

-f -oio 

5 

2501 

38 

3 

24 

37 

7  43 

•03 

•118 

2509 

42 

22 

17 

44 

1400 

•04 

—•017 

6 

25'3 

44 

26- 

25 

39 

3249 

•03 

—  049 

2532 

55 

>5 

16 

45 

2680 

•09 

— -004 

7 

2571 

18    13 

5 

13 

44 

ii'H 

i-oo 

—•02 

2580 

16 

13 

28 

56 

876 

•14 

-|-OOI 

'      8 

2595 

22 

20 

26 

23 

589 

•04 

—•027 

2621 

32 

18 

16 

6 

21-20 

•04 

4-040 

GROUP  III. 


I 

2633 

18    40 

10 

23 

28 

54*41 

-06 

—  085 

2647 

44 

II 

19 

12 

2893 

•06 

— -02 

2 

2681 

55 

21 

26 

3 

5278 

•06 

—  017 

2703 

'9      3 

7 

16 

41 

3376 

•05 

—•319 

3 

2718 

7 

37 

3» 

6 

12-17 

*03 

— -009 

2743 

14 

48 

II 

20 

6-62 

•18 

-f-029 

4 

2798 

Zi 

52 

5 

9 

6-99 

*03 

— -009 

2822 

40 

^3 

37 

5 

3724 

•02 

-f*038 

5 

2824 

42 

27 

32 

37 

2531 

•20 

— -01 

2832 

45 

51 

10 

8 

43-83 

•05 

—  163 

6 

2862 

54 

ZS 

22 

48 

27-34 

-02 

-f-007 

2886 

20      0 

22 

19 

40 

5432 

-05 

-fo8i 

7 

2893 

2 

39 

9 

5 

1033 

•06 

+-005 

2925 

11 

12 

33 

24 

809 

•08 

—•102 

8 

2936 

13 

48 

37 

41 

49-86 

•06 

— -010 

t 

2949 

17 

50 

4 

59 

53*39 

-05 

—  036 

GROUP  IV. 


I 

3155 

21     34 

5 

I 

45 

29-83 

•09 

-083 

3170. 

38 

46 

40 

39 

41-17 

•07 

•000 

2 

3182' 

41 

45 

2 

II 

11-62 

•08 

— -022 

3«92 

45 

17 

40 

38 

43*24 

■07 

•000 

3 

2899  Bradley 

22      2 

0 

24 

49 

328 

-02 

+•006 

3256 

8 

0 

17 

44 

46-56 

-90 

—•075 

4 

3274 

II 

16 

37 

12 

3917 

•04 

—•005 

3279 

15 

I 

5 

14 

48-37 

•04 

—•018 

5 

3315 

30 

37 

19 

43 

778 

•09 

— -lOI 

3010  Bradley 

41 

20 

22 

59 

50-50 

•02 

— -016 

6 

3345 

47 

10 

42 

44 

17-70 

*03 

-f -009 

3367 

55 

6 

— 0 

23 

3849 

■03 

-f-008 

7 

3390 

23      3 

9 

+1 

32 

2389 

•05 

-j-108 

\ 

3419 

13 

16 

41 

11 

1-85 

•04 

—  004 

8 

3436 

17 

38 

II 

43 

1836 

•03 

—  032 

3463 

28 

36 

30 

43 

44.90 

•02 

— -019 

U.  8.  COAST  AND  GEODETIC  8USVET. 
CROUP  V, 


|-ii.r. 

i 

DKruuka. 

.■ir« 

^- 

».    m.     1. 

c            ,          „ 

„ 

„ 

S8 

0    40     II 

44     16     «SI3 

-06 

— MI4 

47     ^9 

-  t     43     S"» 

■01 

— -OJO 

S'     59 

j8     14     lg-44 

■03 

-■ois 

IJ8 

59     ^3  , 

14      0    42-00 

»99 

.8     jfi     36  SI 

■«* 

+-OIJ 

*1    3' 

—■0*1 

34     1*  . 

40       1     47  SI 

■•3 

aSi  Braillcy 

47    S8 

2    39    U74 

■03 

+-O0S 

270 

SI    17  i 

"7     <7    ajM 

-04 

-■Oil 

as     II     10-46 

■06 

IS        7 

358 

2J          4 

II    S9     '"79 

-06 

3f'7 

17     34 

+■"•! 

37S 

30    47 

24     10    3609 

■01 

-■019 

5« 

4       I 

T 

J7     26    3680 

—■180 

+■010 

629 

«3 

4 

20   s*    4946 

—■050 

l*- 

21     «    41-17 

-06 

6t!6 

S    20    29-01 

—061 

725 

4* 

18 

37    17    4894 

+•033 

73a 

45 

3 

18    39     1968 

-04 

75' 

5' 

"! 

*3    46    45  41 

■10 

—■Oil 

5    '                796 

5      7 

W 

1    43     5550 

■09 

— -OIJ 

■04 

-«7 

'5 

S' 

8    19    "577 

■07 

+■005 

19 

40 

34    17    457> 

•07 

-/.IS 

25 

SI 

18    30    47-88 

■04 

—■014 

.    1                874 

S" 

n    58      1-37 

OA 

— OJI 

960 

55 

22    ij    5048 

■04 

-■024 

1164 

7      4    4' 

27      I      o-is 

■04 

-■058 

"73 
1.98 

6    39 

IS    21    31-si 

-fo.5 

"6    53 

1217 

1223 

28    4> 

46    2S      35' 

■07 

■04 

+■<)» 

40    33 

33    40    48  Ji 

— 04» 

519  GTeenwicb  87 

51     M 

8    55    4655 

■IS 

-•02s 

1291 

55     44 

-■075 

59    4' 

— os6 

'345 

8    21       3 

-3    37     56'96 

■04 

— -045 

46     12    4413 

-04 

+■083 

45     54 

31    52    4»-a9 

■oi; 

+■014 

1429 

■000 

M53 

9      1     16 

27      4    3^  "24 

■04 

—384 

6    23 

IS  IS  5097 

■05 

+•236 

REPORT   FOR   1892 — PART  II. 


73 


On  the  variation  of  latitude  at  Waikikij  Haxcaiian  Islands, 
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METHOD  OF  FINDING  APPARENT  POSITIONS  OF  THE  STARS. 

The  reductions  from  mean  to  apparent  declination  were  made  by 
leans  of  the  independent  star  numbers. 

In  Appendix  No.  13,  Report  for  1888,  a  dififerential  method  is  de- 
cribed.  Its  application  reduced  the  time  and  labor  about  one-half  as 
ompared  with  the  usual  way.  But  this  method  was  devised  to  meet 
hose  cases  where  a  large  number  of  pairs  had  been  observed  on  a  few 
onsecutive  nights.  The  time  of  occupation  of  a  station  was  supposed 
^  be  so  short  that  after  one  date  had  been  computed  all  others  for  that 
Articular  station  could  be  derived  with  sufficient  accuracy  by  consid- 
"ing  the  fin  iter  differences  of  the  variables  as  diflereiitials. 
1*1  the  present  case,  however,  the  problem  is  entirely  different.  Here 
^  have  one  station  occupied  for  more  than  a  y tor,  and  each  group  of 
^1*8  was  continuously  observed  for  three  months. 
I^e  difference  in  the  two  cases  is  that  in  the  former  many  stars 
^6  observed  a  few  nights,  in  the  latter  a  few  stars  were  observed  on 
»^y  nights. 

t  is  evident  at  the  outset  that  whether  we  use  BessePs  star  numbers 
the  independent  ones  some  sort  of  check  computation  must  be  made. 
'Teover,  when  observations  are  made  on  every  clear  night  and  in  a 
ality  where  more  than  200  nights  can  be  obtained  in  a  year,  it  is 
^bably  immaterial  whether  we  compute  reductions  for  necessary 
ies  or  whether  we  simply  compute  for  every  other  day.  It  is  desira- 
to  have  the  apparent  declination  of  the  stars  with  no  greater  error 
kn  one  or  two  hundredths  of  a  second  for  latitude  work  of  the  high- 
precision.  A  comparison  of  the  changes  in  the  star's  position  be- 
den  successive  dates,  as  deduced  by  the  independent  numbers  and 
i  method  here  presented  of  applying  Bessel's  numbers,  shows  that 
the  latter  case  the  errors  ai*e  absolutely  without  significance,  whereas 
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the  time  of  redaction  is  only  about  one-fourth  that  required  by  tb€ 
usual  independent  numbers. 

The  present  method  was  suggested  by  the  following  fact«: 

First,  inasmuch  as  the  same  star  must  be  reduced  for  about  fift; 
different  dates,  a  methoil  should  be  employed  in  which  the  qnantitic 
depending  on  the  star's  position  and  those  depending  only  on  the  dal 
of  observation  are  handled  separately.  This  avoids  the  introductic 
as  a  distinct  quantity,  into  each  day's  computation,  of  those  tern 
which  do  not  change  firom  day  to  day.  For  example,  in  the  use  of  tl 
independent  numbers  the  logarithms  of  sine  and  cosine  of  the  declin 
tion  are  added  to  the  others  for  every  new  date  computed.  Since  tl 
star  constants  do  not  vary,  these  are  first  computed  and  then  apph^ 
to  the  differences  of  the  varying  day  numbers.  Besides,  since  a  nui 
ber  of  stars  were  observed  on  the  same  date,  we  only  have  to  apply  tl 
different  star  constants  to  the  same  differences  of  the  day  numbe 
throughout  the  three  months'  period. 

Of  the  day  numbers  it  is  to  be  remarked  that  the  principal  term  of 
depends  on  the  sine  of  the  moon's  ascending  node,  and  the  correspoa 
ing  one  of  B  depends  on  the  cosine  of  the  same  function.    The  values 
A  and  B  can  therefore  never  exceed  very  much  the  numerical  facto 
of  their  principal  terms,  so  that  three  significant  figures  need  only  1 
considered  and  they  may  be  dealt  with  by  means  of  Crelle's  tables, 
and  D  vary  as  the  cosine  and  sine  of  the  sun's  longitude,  and  on 
change  rapidly  when  they  are  small  in  amount,  so  that  their  chang 
also  are  such  that  Crelle's  tables  give  all  the  accuracy  neeessar 
Since  the  obliquity  is  practically  constant  as  far  as  these  reductions  a: 
concerned,  and  as  the  sun's  longitude  does  not  change  more  than  a  fe 
degrees  between  the  dates  chosen,  the  changes  in  C  and  D  are  eith 
small  or  quite  uniform.    It  is  therefore  never  necessary  to  use  logarithn 
to  get  all  the  accuracy  desirable  for  the  reductions  to  apparent  place 

The  star  constants  having  been  calculated  for  the  star  to  be  reduce 
the  values  of  dA  and  dB  are  taken  from  the  Ephemeris,  and  dO  ai 
dB  are  calculated  by  using  the  formulsB 

dC  =  18-7  d  cos  0 
dE  =  20-4  (?  sin  0 

the  values  for  (2A,  rZB,  (2C,  and  D  being  tabulated,  the  star  oonstan 
a,  hy  c,  and  d  are  applied  and  the  sum  of  the  products  gives  the  redn 
tion  from  one  date  to  another. 

The  following  table  gives  the  reductions  from  June  6  to  June  28  f 
star  Iia,*  a  =  13''  27*"  46%  d  =  —  1^  4',  and  a  comparison  of  differenc 
for  the  two  methods.  To  compute  the  places  by  the  independent  st 
numbers  for  one  group  for  three  months,  required  generally  about  eig 
days,  and  a  check  computation  using  the  same  method  would  take 
long.  By  the  method  of  applying  differences  for  a  check  we  get  at  t 
same  result  in  about  two  days. 

*  Group  I,  Pair  1,  Star  a. 
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^^XMtdts  from  obaervatians  for  the  variation  of  latitude  at   Waikikij 

Hawaiian  Islands. 
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The  sum  of  the  residuals  shows  that  the  apparent  places  for  this 
▼hole  month  could  have  been  obtained  by  simply  adding  the  differ- 
ences. The  accumulation  of  error  for  the  entire  period  is  much  less  than 
O'^'Ol,  so  that  this  short  method  is  quite  accurate  enough  to  check  the 
lesalts. 

In  the  computations  I  had  the  help  of  the  following  persons  attached 
to  the  Computing  Division  of  the  Survey:  Mr.  H.  Farquhar  furnished 
the  mean  north  polar  distances  for  all  the  stars.  Mr.  A.  L.  Baldwin 
computed  the  apparent  places.  Mr.  H.  L.  Stidham  checked  these,  and 
assisted  in  the  final  reductions;  and  Mr.  H.  F.  Flynn  applied  the 
micrometer  and  level  corrections  and  deduced  the  latitudes.  The  final 
^ja8tment  by  least  squares,  the  reductions  to  the  mean  declination 
systems  and  the  derivation  of  the  daily  means  was  participated  in  by 
'H)th  Mr.  Flynn  and  Mr.  Stidham.  At  the  beginning  of  the  work 
Sabassistant  John  Nelson  assisted  for  a  short  time.  I  desire  to  express 
myobUgations  to  all  these  gentlemen,  as  well  as  to  Assistant  C.  A. 
Schott,  in  charge  of  the  Computing  Division,  who  did  everything  in 
kis  power  to  facilitate  the  work. 

niustration  No.  14  shows  the  time  of  beginning  and  ending  the 
^^'^Bervations  of  each  group  and  the  period  during  which  any  two  or 
^^^ttee  suocessive  groups  were  observed  at  the  same  evening.  This 
duigram  is  inserted  in  order  to  avoid  the  necessity  of  publishing  the 
individual  results  in  this  particular  form  on  a  large  sheet  for  the  sake 
^  showing  the  group  connections. 
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In  order  to  coiideiise  an  much  as  possible  the  publication  of  t 
tildes  now  under  discussion,  the  followin^^  scheme  is  adopted.  ] 
s))eciinen  record  will  be  given  which  is  copied  from  the  book  of  o 
tion.  Secx>nd,  a  computation  of  one  latitude  showing  the  deta 
giving  the  exact  torm  followed  throughout  the  office  work,  and 
a  general  table  containing  all  that  part  of  the  reduction  necesf 
arediscussion  should  such  a  step  ever  be  thought  advisable,  eith 
improved  values  in  the  star  ])laces  or  in  the  instrumental  consts 

The  correction  for  inclination  of  the  micrometer  thread  is  ap] 
the  refraction  columu.. 

Specimen  of  record. 

GROUP  VII,  PAIR  7. 
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GROUP  VII,  PAIR  7. 
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GROUP  I,  PAIR  I. 

The  latitude  value  may  differ  in  some  cases  from  that  whicl 
apparently  result  from  the  corrections  given.  This  comes  fix 
lected  decimals.  In  the  computations  four  values  were  derives 
spoudinjc  to  the  level  readings  before  and  after  bisection 
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S€9ults  from  observations  for  the   variation  of  latitude  at  WaiJcikij 

,  Hawaiian  Islands. 

di£ferent  levels  and  the  adopted  latitude  is  a  mean  between  the  two 
readings  of  the  same  level  and  then  between  the  two  levels.  The  level 
oorrection  given  is  a  mean  one  which  would  give  a  latitude  differing 
very  slightly  in  a  few  cases  from  that  obtained  in  the  usual  way.  This 
difference  is  entirely  without  significance. 
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-»'93 

-fO-02 

4.0-09 

24-26 

GROUP  I,  PAIR  2. 


I89I. 

/.    d. 

/.  d. 

0    /     // 

/     // 

// 

// 

ff 

0    f    ff 

Jane    6 

22-12*9 

18*96*2 

21  17  38-66 

—I  13*47 

— o*o6 

—•32 

4-*04 

21  16  24-85 

7 

22*29-3 

19*04-1 

3876 

15*42 

4-1*15 

— -02 

4- -03 

24*50 

8 

22-27-4 

19*04*2 

38-85 

14-98 

4-0*30 

— -02 

4- -03 

24-18 

10 

21-83-1 

i8*55*o 

3906 

16-11 

+  1-92 

-—•02 

4-03 

24*88 

II 

21-74-2 

18-46-7 

39*18 

15*98 

4-0*37 

—•02 

4- -03 

23*58 

12 

21-09-2 

17-85*2 

39-30 

1516 

-j-o*oi 

— -02 

4-*o3 

24*16 

13 

21*73-0 

18-47-7 

39*45 

15*46 

-1-0-56 

— -02 

4- -03 

2456 

15 

21-92-6 

18-64-0 

3976 

16*23 

H-o-85 

—-20 

4- -03 

24-21 

16 

22*23*1 

18*91-2 

39*92 

17*00 

-J-2-20 

—•02 

4--03 

25-13 

17 

21-82-5 

18-48-0 

40*05 

17*60 

4-1-80 

— *02 

4--05 

24*28 

18 

21-88-9 

I8-54-4 

40*18 

17-60 

4-1-97 

— *02 

4- -05 

2458 

19 

21*32-9 

17-98-3 

40-28 

17-62 

4-I.7I 

— *02 

4--05 

2440 

22 

21-46-2 

18-09-3 

4050 

1816 

-fi-91 

— -02 

4--05 

24*28 

24 

21-76-5 

18-40*4 

40-64 

17.97 

4-1-96 

—■02 

4-*o5 

24-66 

26 

2I-16-O 

17*84*6 

40*81 

16-88 

4-0-16 

— *02 

4- -05 

24*12 

27 

21*33-8 

18*02*4 

40*92 

16-88 

4-0-39 

— *02 

4--05 

24*48 

28 

21-98-3 

18*58*2 

41*04 

18-90 

4-2-09 

— -02 

4--05 

24-26 

30 

20-75*6 

I7-33-9 

41*27 

19-27 

4-2*17 

— *02 

4--05 

24*20 

78 


U.   8.   COAST  AND   GEODETIC   SURVEY. 


GROUP  I,  PAIR  3. 


D.Uf. 

Micrometer. 

Mcmn  app. 
Dec. 

Correct  itins. 

1 

Ijttiiude. 

y. 

s. 

iViV. 

Level, 

Ref, 

1 
Mtr. 

1 891. 

t.  d. 

t.  </. 

•      /        // 

/      // 

// 

// 

// 

«     //      /. 

I  June    6 

21031 

16-04-0 

20  18  20-59 

-I  55*7« 

-  77 

—•04 

+•04 

21    16  2J{\ 

7 

23-I2-0 

I8090 

20-69 

56*69 

-r  -52 

-•04 

+•04 

24-; 

8 

1678-0 

10-81-5 

2078 

5518 

—  1*04 

—•22 

+•03 

24* 

9 

2r90-8 

1675-8 

20*87 

5947 

+3*42 

—•04 

+  04 

24* 

10 

22-817 

17-77-0 

20-97 

5708 

+014 

—•04 

-1-^ 

24^ 

11 

22-2rS 

I7I9-0 

21-08 

56-64 

+0-58 

—• «4 

+'^ 

25- 

12 

2 1  •62-3 

i6-6o*5 

21-20 

56-41 

—0*70 

— •«4 

+•04 

24" 

13 

21-317 

16-27-7 

21  34 

56-92 

-fo-ob 

—•04 

-f-04 

24 

15 

22*977 

16-90-2 

21*64 

5773 

-fo-43 

—-04 

-f-<H 

24 

16 

20657 

>5-56-5 

2i*8o 

5813 

-fo-83 

-*04 

+•04 

24 

17 

2I-43-6 

1 6-32-9 

21*93 

58-47 

+0-84 

-•04 

+•06 

24 

iS 

20-83-4 

15-71-8 

22-07 

5868 

-f-o-97 

-*04 

-|-'o6 

24 

19 

2176-9 

10-62-8 

22-17 

5926 

+  I-I3 

— *04 

+•06 

24 

22 

21-03-9 

1 5 -86-2 

22-38 

—2  00-10 

+  2*25 

—  04 

4--06 

24 

24 

2I-50-8 

10-29-7 

22-50 

00-89 

-fi*99 

-•04 

+•06 

^l 

26 

2I-6o-2 

1 0-49-6 

22-68 

-1  58-45 

4-o*oi 

-*04 

-[-•06 

M 

27 

22-06-0 

16-95-0 

22-79 

5854 

—0*31 

-04 

-h*o6 

2' 

28 

21-62-4 

1644-5 

22-90 

58-98 

+  1-37 

— 'OI 

-|-*o6 

2f 

30 

21-96-7 

16-74-0 

2314 

—2  01-26   -f  2-68 

—  04 

-f*o6rJ 

2I 

GROUP  I,  PAIR  4. 


1893. 

/.  d. 

/.  d. 

0    /      // 

/      // 

// 

// 

.    // 

0     / 

June    6 

24*02-0 

17-01-7 

21  13  42-48 

-{-2  42*46 

-1-45 

-f-<H 

+•03 

21  16  2: 

7 

23*20-5    16-22-7 

42-60 

41-88 

— 0*09 

+•04 

-f-03 

2i 

8 

23*24-7    16-19-3 

42-72 

43-64 

—2-18 

+•04 

-I--03 

2i 

9 

23-05-7 

15-90-8 

42-84 

45-85 

—4-92 

+*04 

4-03 

2' 

10 

22-56-2 

16-61-4 

42-96 

41-18 

-f-014 

+-04 

+•03 

2d 

11 

22-45-8 

15-44-7 

43-10 

42*64 

-0-95 

+■04 

+  03 

2i 

12 

22-61-3 

15-60-0 

43-24 

42*69 

— 0-88 

4-04 

-f03 

21 

n 

22-60-2 

i5'63-i 

43-41 

41-72 

— 0-70 

-f04 

+•03 

24 

«5 

23-96-2 

16*93-0 

4376 

43-13 

—3-04 

4-*04 

+•03 

2: 

16 

22-95-7 

1601-7 

43*94 

41-00 

— o-ii 

-f-*04 

+•03 

24 

17 

23-10-2 

1619*2 

44-11 

40-30 

+0*44 

+•04 

4-04 

^ 

18 

22-53-0 

1 5-63-4 

4427 

39-98 

-f-i-oi 

4-04 

4--OS 

2K 

19 

22-24-7    15-33-5 

4438 

4035 

4- 001 

—-44 

4--06 

^ 

22 

22-89-6    i6o3-6 

44-68 

39-1 4 

-fo-47 

+•04 

4-os 

M 

24 

23-03-2  1  16-21-2 

44-86 

38-21 

+-I-42 

+*cf4 

+  05 

'     M 

25 

22*52-5  1  15-730 

4498 

3763 

-t2-27 

+  04 

4--OS 

^ 

26 

23*04-0!  16-13-7 

45-08 

40-14 

--0-69 

4-04 

4--OS 

^ 

27 

23-45-2 

16-56*3 

45-22 

39-82 

-0-73 

4-04 

4--05 

24 

28 

23-13-9:  1631-2 

45-35 

iK\^ 

-fl-25 

4--04 

4--05 

25 

30 

23-23-8    1633-4 

1 

45 -64 

40-16 

-i-oS 

4-04 

4-05 

24 
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etults  from  observations  for  the  variation  of  latitude  at  WaiJcikij 

Hawaiian  Islands, 


GROUP  I,  PAIR  5. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections . 

latitude. 

iV. 

S. 

Mic. 

Level. 

Rej, 

Mer. 

S91. 

/.  </. 

t,  d. 

0      /      // 

/     // 

// 

ft 

// 

«     /      //    : 

1 

ne    6 

I2-95-5 

28*36*5 

21    10  28*00 

+5  57-49 

-0*38 

— -40 

4--04 

21   16  24*75   1 

7 

12*28*0 

27'64*o 

28*12 

56-33 

+0-95 

—•08 

+  03 

25-35   j 

8 

IO-S7-9 

25*96*8 

2824 

57-00 

— 0-09, 

•08 

+  03 

25*10  j 

9 

io*o8*5 

26-52*8 

28-36 

5826 

—2-12 

— *o8 

+*03 

24*45  ; 

10 

11*22*2 

26*54-2 

28-48 

5540 

+1*43 

-08 

+•03 

25*26 

II 

11*65*5 

27*02*9 

28*62 

56-66 

—0-05 

-f  10 

+•03 

2536 

12 

10-94*7 

26-31-2 

28-76 

5645 

—0-78 

4-*io 

+  03 

2456 

13 

io*45*2 

25*77-1 

28*93 

5538 

4-0-84 

4-. 10 

+•03 

25*28 

"5 

11*48*9 

26-88*2 

29*28 

57*10 

—1*59 

•j-*IO 

+•03 

2492 

16 

11*37*2 

2665-5 

29*46 

54-54 

+0-79 

-J--10 

+•03 

2492 

17 

11*54*9 

26-81-7 

29*63 

54*20 

4-ro8 

4--10 

4- -05 

25*06 

18 

11*69*8 

26*94*2 

29*80 

53-64 

4-1-68 

-j-'IO 

4- -05 

25-27 

19 

10*07*4 

26*33'i 

29*92 

53*94 

4-0-60 

-J-*IO 

4--05 

24*61 

22 

ii*6i*8 

26-81-5 

30*24 

52-55 

4-1-90 

-f-io 

4-05 

24*84 

24 

11*50*5 

26-67*0 

30*41 

51*80 

4-2-82 

4--IO 

4--05 

25-18 

25 

IO-72'O 

25-84-8 

30*49 

5095 

+3'2i 

4--IO 

4- -05 

2480 

26 

10-35-9 

25-58*2 

30-62 

53*15 

4-1-03 

-j-'IO 

4- -05 

2495 

27 

11*22-7 

26*46-8 

30-76 

53*57 

4-071 

4--IO 

+•05 

2519 

28 

io*44*4 

25-60-6 

3090 

51-74 

--205 

-f-io 

4-05 

24-84 

30 

io*76i 

2598-7 

31*18 

5322 

+0-45 

4--IO 

4-05 

25  00 

GROUP  I,  PAIR  6. 


S9I. 

/.  d. 

t.d. 

»    /      // 

/     // 

// 

1 

// 

■  0     /      // 

ic    6 

28-825 

15*25*0 

21  21  39-17 

—5  '4*92 

—  *27 

-•45 

+•04 

21  16  23-57 

7 

27-35*2 

13*74*9 

39*30 

15-57 

+  -54 

— *IO 

4-03 

24*20 

8 

27*93*8 

14*38*0 

39-42 

'4*53 

-  -46 

—  10 

+  03 

2436 

9 

27-43*3 

1374-5 

39-54 

17-54 

4-2-44 

— -10 

4-03 

2437 

10 

28*26*4 

14*62*7 

3966 

16-36 

-f-o-87 

— -lo 

-+•03 

24- 10 

II 

27*87*7 

14*27*5 

39*80 

15-55 

—004 

— -10 

-I--03 

24-14 

13 

26*90*4 

13-29-6 

40*12 

15.69 

0-28 

—  *IO 

4-03 

24-08 

16 

28-493 

i4-83*« 

40*66 

16-78 

+0-59 

— *IO 

+  03 

24*40 

17 

26*36*5 

12*69*2 

40-82 

1719 

-ho*97 

— -lO 

4- -06 

2456 

18 

27*69-5 

I3*9«*3 

40-99 

18*10 

+  1-77 

— *IO 

-f-06 

24*62 

19 

27-24-1 

13*53*7 

41*12 

17*91 

4-0*91 

— -10 

4-06 

24*08 

22 

28-27*5 

13*52*6 

41*44 

18*96 

-f-173 

— -06 

4- -05 

24-20 

24 

27*04*0 

13*25*2 

41*63 

19-86 

+  2-50 

•06 

4-05 

24-26 

26 

27*37*9 

13*66-7 

41-85 

1 8- 10 

-ro-7i 

— 'lO 

4-06 

24-42 

27 

^rirz 

14-02*4 

41*99 

18-96 

4-063 

— -lO 

4-06 

23-62 

28 

26*68*3 

12-88*2 

4**13 

20*  1 6 

+2-31 

—  10 

4-06 

24*24 

30 

27-20*7 

13*49-5 

4243 

18-10 

H-OI5 

— -lO 

4- -06 

24*44 

80 


U.   8.   COAST  AND   GEODEHC   SUBVEY. 


GROUP  I,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Lali 

iV. 

S, 

Mic, 

Level. 

Ref, 

Mer, 

1S9I. 

/.  d. 

t,  d. 

•     /       // 

/     // 

ft 

// 

•     / 

June    6 

20-34-3 

19*96*7 

21    15  4630 

+0  37-68 

+0-33 

+•01 

-I--03 

21    16 

7 

20-40'7 

20*96*8 

46-45 

36*21 

-fi*76 

-j-'OI 

-f-03 

8 

20*04*4 

21*68-7 

46-60 

3812 

-  -34 

-f'OI 

+•03 

9 

20*40-8 

22*01-4 

4674 

3726 

-f  79 

-fi9 

+•03 

10 

19-38-8 

20-93*1 

46-88 

3580 

-h  79 

-h-oi 

+•03 

II 

I975-5 

2 1 -38-4 

4703 

3779 

-   48 

-f'OI 

+  03 

12 

20-38*4 

22*00*8 

47*18 

37-68 

—  71 

-f-oi 

+  03 

13 

I9-83-4 

2o*39'0 

4738 

36*  10 

-f    90 

-f-oi 

+  03 

15 

2o-68*7 

21*26*6 

47*76 

36-63 

—    19 

•f'OI 

+•03 

17 

I9-07-8 

20'57*i 

48*15 

3464 

-fi-37 

4- -01 

+•06 

18 

i8-25*7 

19*80*0 

48-34 

3580 

-f  -39 

-f-oi 

4- -06 

19 

19*12*0 

20*60*2 

48*49 

3438 

-f  -82 

-f-'OI 

-f*o6 

22 

19*927 

21*32*2 

48*88 

32-36 

+2*71 

-f -oi 

-f*o6 

24 

19*17*7 

20*60*2 

4910 

ly^ 

-f-2l8 

-j-'OI 

-h*o6 

26 

18*70*1 

20*13*8 

4936 

3334 

+  1-39 

-f  *OI 

-f*o6 

27 

17*96-8 

i9'43*o 

49*52 

3392 

+  -85 

-f-oi 

-|-*c6 

28 

I9*900 

2 1  •38*5 

4967 

32-59 

-f-2-03 

-}-*OI 

-h*o6 

30 

19*231 

20*67*5 

50*00 

3350 

4-  -56 

-f-oi 

+•04 

GROUP  II.  PAIR 

I. 

189I. 

*.  d. 

i,  d. 

0    /      // 

/      // 

// 

// 

// 

0    , 

June  10 

10*21*8 

3074-1 

21  08  28*22 

+7  56-10 

+  -51 

—  *OI 

4-03 

21  i( 

II 

10- 1 3*5 

30-69*5 

28-40 

56-96 

-  -82 

— *OI 

4-03 

13 

9'87-3 

30*36*2 

28-79 

55-31 

-\-    *I2 

4--I4 

.4-03 

»5 

9-84-5 

3030*0 

29-25 

54-52 

4-  -67 

— *2I 

4-03 

17 

10*40-6 

30-81*3 

29-74 

53-41 

4-1-39 

4--I4 

4- -05 

18 

10*32*2 

3076-7 

29*96 

54-29 

4-0*41 

4--I4 

4-05 

19 

10*28*4 

30*7  2*  I 

30*20 

54-11 

4.0*14 

4--I4 

4- -05 

22 

10*14-8 

30-66*8 

3073 

5603 

—2*58 

4-*i4 

4-*o5 

24 

9-02-9 

29'3S-5 

3104 

5«-53 

4-1*88 

4-*i4 

4-03 

26 

9-40-0 

29*72-5 

3138 

5"-5» 

4-118 

4-14 

4- -05 

27 

9*26-4 

29-62-4 

31-58 

52-32 

-h  -43 

4--M 

4- -05 

28 

9*68*0 

29*93-8 

3"77 

49*96 

4-2*78 

4--I4 

i -05 

,   3° 

8*46*5 

28-85*1 

32*20 

5292 

-  -23 

4-14 

4- -05 

July   4 

8-99*0 

29-36-0 

330" 

52-55 

—1-79 

4-14 

4-05 

7 

911-8 

29*46*7 

3342 

52-07 

— I  05 

4-*i6 

4--04 

8 

924-7 

29-57*0 

3358 

51-46 

—  -97 

4--14 

4- -05 

17 

10*58-0 

30-69- 1 

3514 

46-54 

4-1-94 

4-14 

4- -05 

18 

889*5 

29*16-9 

3528 

5033 

-1-35 

4-06 

4-*i6 

22 

999-8 

29-21*8 

3570 

49-07 

-    65 

h-14'  4-06 

23 

9*06-0 

29*22*0 

35-82 

47-68 

4-1-06 

4--'4 

4-05 

25 

8-492 

28*65-2 

3607 

47-68 

4-0-08 

4- -06 

4-07 

26 

9-38-3 

29*52-8 

36*22 

47-33 

4-1-34 

4--I4 

4-*o5 

27 

9-88-3 

29*08*5 

36-38 

4866 

-  -64 

4--I4 

fo5 

29 

8*91*2 

29*99*1 

36*71 

45-80 

4-  -97 

4--I8 

4-*04 

Aug.    2 

8-80-7 

28-91-9 

37-12 

4657 

4-  -52 

-h*i4 

4- -05 

3 

8*590 

28*73*6 

37-18 

47-36 

—  *o6 

4-14 

4- -05 

4 

9I3-9 

29*25-8 

37-25 

4673 

—  -5' 

4--I4 

4-05 

5 

8-95-2 

29*02*4 

3732 

45*64 

4-1-57 

4--I4 

4- -05 

6 

890*4 

28*93-6 

37-40 

44-71 

4-1-99 

4--I6 

4-*o6 

10 

9'54-2 

29-65-3 

37-83 

4654 

0-00 

4-14 

4-05 

12 

8-88-4 

2894*0 

38*06 

45-27 

4-0-47 

4--I4 

4- -05 

'3 

967-3 

29-70*1 

38-14 

44-62 

4-1*34 

4--I4 

4-05 

14 

8-31-9 

28-47-4 

3822 

47-57 

—1*42 

+•14 

4-05 

15 

9-61-4 

29-67- 1 

38-26 

45-29 

4-  -41 

4-14 

4- -05 

16 

9-57-7 

29-61-2 

38-30 

44-78 

4-1-29 

4--14    4  05 
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!0ttflt<  from   observations  for  the  variation  of  latitude  at  WaikiJciy 

Hawaiian  Islands. 

GROUP  II,  PAIR  2. 


Due. 

Micrometer. 

Mean  app. 
Dec. 

Coirections. 

Latitude. 

N. 

s. 

Mic. 

Level. 

1 
Ref.   ,  Mer. 

« 

1891. 

t.     d. 

t,  d. 

0     /       // 

/       //     j      // 

f'f          // 

0      /       // 

one  10 

20-480 

20-89-0 

21    16   13-12 

-fO  09-51      +111 

-f -15     -f -03 

21    16  23-92 

II 

21-007 

2 1  50-0 

13-30 

11*44   —0-63 

-f-oo    -I-03 

2414 

'3 

»977-4 

20*21  0 

13-70 

lo-ii  '  -I-0-46 

--oo    4-03 

2430 

17 

20-47*0 

20-83-5 

14*66 

08-47  1  4-211 

-  '47:  -f-04 

2481 

18 

20-53-2 

21*93-4 

149  « 

0932    +032 

•00    +05 

24-60 

19 

18-85-9 

I9I85 

15-16 

07-56    +1-44 

•00 '  4-05 

2421 

24 

I9-76-6 

20-04-3 

1606 

0643    -+-1-65 

-00     -j-05 

24-19 

26 

I8-850 

19*14-6 

16-40 

0687 

4-1-40 

•00 ,  -foS 

2473 

27 

20-55-3 

20-85*6 

i6-6o 

0689    -{-0-48  \ 

-00 

4-05 

2402 

28 

1 8-93-9 

I9I4-8 

16-81 

0485 

+  2-27 

-00 

-f-05 

23-98 

30 

19-46-2 

19-73-2 

1726 

0626 

+0-32 

-00    -J--07 

2391 

ily     4 

20-56-7 

20-89-0 

18-11 

07-49 

-1-75 

*co    -1-05 

23-90 

7 

19-60-1 

19-955 

18-59 

0682 

—0-78 

•00:  +05 

2468 

8 

"973-3 

19-90-5 

i8'73 

0399 

-}-i-o8 

-co    -I-05 

23-85 

17 

19-86-5 

20-03-8 

20-40 

04-01  i  — 032 

•00    -f-o5 

24-14 

18 

I9-60-8 

19-73-9 

2054 

03*04  j  — 022 

—08    4-06 

23-34 

22 

19-64-7 

19-817 

2102 

0394 ,  -085 

•00 

H-05 

24-16  : 

23 

18-62-9 

18-684 

21.14 

0128'   f  1-59 

•00 

405 

2406 

24 

18-92-2 

19-00-0 

21-26 

01-81    -f   -57 

-00 

4-06 

2370 

25 

1903-7 

19080 

2142 

01 -oo 

-h  -91 

•00 

+  03 

23-36 

26 

19-25*2 

1927-3 

21-57 

0049 

-fi-85 

•00 

+•05 

23-96 

27 

19-787 

1986-3 

21-74 

01-76 

+  -32 

•00 

4-05 

2387 

29 

19-66-6 

19-758 

22-08 

0213 

-  -67 

•00 

405 

23-59 

31 

I9*39*3 

19-48-5 

22-36 

02-13 

•88 

—  02 

405 

23-64 

ag.    2 

19-27*6 

19-29- 1 

22-56 

00-35 

-f  -98 

-00 

4-05 

23-94 

3 

19*45*0 

19-50-8 

22-64 

0135 

—  -34 

-00 

4-05 

23-70 

4 

i9-35'3 

1936-0 

22-72 

-fo  00-16 

4-1-23 

—  03 

4-07 

24-15 

5 

«9'34-3 

19-37-6 

22*80 

-fo  00-77 

+  -03 

-00 

4-05 

23-65 

6 

19*21-5 

19-17-0 

22-88 

— 0  01-04 

+2-45 

•00 

4-05 

24-34 

7 

18-61-4 

18-59-3 

22-99 

— 0  00-49 

-f-119 

•00 

^4-05 

2374 

10 

19-55-0 

19-58-9 

23-36 

-fo  00-90 

—  -43 

-00 

4-05 

2388 

»3 

19-40-1 

1930-7 

2372 

—0  0218 ;  -f  2-07 

•00 

4-05 

23-66 

14 

18*99-9 

18-990 

23-79 

—0  00  21  1  -|-o*o5 

*oo 

4- -05 

23-68 

15 

19-26-7 

1 9-38-4 

23-87 

-j-o  02  71 

^285 

-00 

4-05 

23-78 

16 

i9'5o-o    I9-47-2 

23-92 

— 0  00-65  ■  —    -02 

-00 

4-05 

23-30 

B.] 

g;z.87-« 

' 

\ 


U.    8.    COAST   AND    GEODETIC    SUBVET. 
GROUP  II,  PAIR  3. 


DbW. 

Mieromelet. 

Me»n.rr- 
Dec. 

Cormllaos. 

UWoilt.      / 

JV'. 

S. 

ATtc. 

/.fie/. 

A-*/. 

Hit. 

1891. 

/.      d. 

t.  d. 

1/ 

June  ij 

1919-1 

9-86- 1 

21  2J  53-3* 

-J  28-45 

+ 

95 

—■"3 

+  ■03 

21    16  2S'7* 

"7 

29-64-! 

lO'iaa 

54-3* 

30-5  a 

■\-l 

r6 

-■'3 

+-03 

24-86 

18 

I9-75-9 

W3H-3 

54-56 

2949 

07 

-■'3 

+  ■03 

24-90 

287<-o 

9-265 

55-39 

31-10 

+ 

96 

-■17 

+  -03 

25-10 

»4 

19-14-1 

9-^yi 

5574 

3*49 

+  " 

97 

-17 

+-oa 

aS-07 

26 

28-03-1 

8-54-2 

5(.'09 

32-12 

+ 

88 

-'3 

+■03 

"475 

27 

28-10-6 

8-64-8 

56-30 

3' -40 

—  13 

+■03 

24-72 

j8 

J8-JO-6 

871-2 

S^'SO 

3»-a3 

+ 

■OS 

—■17 

+-02 

34-20 

30 

2  8-05  0 

S-55-1 

5697 

32-35 

-f 

09 

--17 

3458 

July    4 

^K-,iSJ 

8-90-4 

23  57  85 

3119 

—1 

-■'3 

-f-03 

34-56 

17 

28-1 1-8 

950-5 

24  00-2I 

34-99 

46 

~-«4 

+-04 

a4M' 

18 

27-61-8 

8017 

00' {6 

34-95 

61 

-■17 

■f-03 

34-65 

2871-5 

9I2-4 

00-B7 

34-48 

36 

-16 

-05 

34-93 

'3 

2S88-0 

9- '4-3 

37-87 

-f  > 

ss 

-■'3 

4--03 

34-58 

36 

2884-0 

8-35-7 

01 -44 

3764 

+ 

90 

—■'3 

+■03 

34-60 

l^ 

28..,8.2 

8-76-8 

01-63 

35-02 

33 

-■'3 

+■05 

as  30 

29 

28-25-6 

8-58-9 

or -98 

36-24 

45 

--17 

34-14 

Aug.    2 

28-89-.1 

9-10-0 

02-50 

39- 19 

+ 

88 

—  17 

+  -03 

34-04 

3 

28-09-6 

S-40-3 

°'l^ 

^'•ii 

(>s 

-'3 

+-03 

3498 

4 

28-81-2 

9-OS-3 

OI-66 

37-68 

45 

-■>s 

+  ■02 

34-40 

5 

28-37-1 

8-610 

02-76 

3842 

+ 

-■'3 

+  ■03 

34-34 

6 

a7-82-o 

S.oi'8 

02 '84 

39- iS 

—  13 

■(--03 

34-60 

7 

27-75-8 

8-OS-9 

02-95 

3fr*9 

67 

-■'3 

+■03 

34-89 

2891 -5 

g-i6-6 

03-34 

38- '5 

57 

-n 

+■03 

34-53 

29-83-s 

03-98 

3970 

+ 

48 

-13 

+■01 

34-64 

U 

38-47-5 

8-59-8 

oj-72 

+  ' 

70 

--"J 

H  -03 

34-20 

28-85-8 

0-06-2 

0382 

39'24 

- 13 

-f-os 

i4-48 

16 

*"■' 

8-63-7 

"3-95 

40-03 

+     S4 

--"3 

+■^-3 

34.06 

BEPOET  FOE  1892 — PAHT  U.  83 

BenUff  from  observations  for  the  variatum  of   latitude   at  Waikiki, 
Uawaiian  Islands. 

GROUP  II,  PAIR  4. 


hte. 

Mkonielor. 

"-■„■«■ 

CrxccUo.. 

Luliludc- 

/r. 

S. 

Mic. 

i™-/. 

Rif. 

Mir. 

}^',o 

t.     d. 

1.  d. 

II 

21-11-4 

17-62-2 

21   17  45-34 

—  03 

+  ■03 

21  19  24-33 

aooja 

I6-58-2 

4554 

2004 

-1-79 

—  18 

+  ■03 

2356 

'3 

20-291 

16-76-6 

45*94 

2178 

~-03 

+  ■03 

34-16 

17 

ai-9i-4 

«  8-34-4 

46-91 

+  -^ 

—  03 

+■05 

24-16 

■8 

20-S5-9 

17-02-9 

47-.  8 

"-89 

-■•'5 

--03 

+  ■05 

34-16 

'9 

20535 

16-89-6 

47*44 

24-42 

+  I-J6 

-•03 

-+-■05 

34-30 

1984-3 

16-20-1 

48-0, 

24-49 

+  -17 

— -Oj 

+  ■05 

23-74 

36 

I9-64-3 

15-98-1 

4877 

24-95 

+  -0.! 

—-03 

+-05 

23-87 

27 

19.84-0 

16-21-9 

48-98 

2400 

—  -66 

--03 

+■05 

=4-34 

38 

ao-54  9 

16-920 

49-. 8 

24-19 

—  -97 

—-03 

+-05 

24-04 

30 

toroa-} 

16-32-5 

4966 

25-42 

—  -51 

+-04 

23-76 

July    4 

20-93-6 

17-29-9 

50-58 

24-37 

--03 

+  ■05 

23-82 

7 

I9-5S-6 

I5-84-0 

5.-09 

a6-20 

—  -70 

H--00 

+  ■06 

24-25 

8 

W34-4 

16-497 

51-34 

39-24 

+  1-66 

-■03 

+■05 

23-68 

«7 

30-64-a 

16-83-9 

53-''2 

28-21 

-■03 

+  -OS 

23-72 

18 

19- 347 

15-51-8 

53-18 

38-83 

—03 

+  ■06 

23-18 

20-15-8 

16-47-9 

53-7* 

27-67 

-2-'5 

-■03 

+-05 

23-9J 

'3 

19-Q3-6 

16-03-7 

53-86 

3045 

+  -67 

-■03 

+  ■05 

24-10 

a* 

I9-86-0 

i6t31-3 

54*00 

2934 

— -OJ 

+  ■07 

23-60 

a6 

ao-38-3 

16-44-3 

5433 

3 '-42 

+  -83 

-03 

4- -OS 

33-76 

37 

19737 

iS-87-9 

54-51 

29-50 

-1-37 

—.03 

+  ■05 

2366 

»9 

30-65-3 

.6-76-. 

54-88 

30-29 

--87 

—■03 

+-OS 

33-74 

31 

20-325 

16-47-9 

55-20 

29-22 

-2-46 

-OJ 

■(-■OS 

2354 

Aug.    7 

30-35-8 

i6-4i'6 

55-44 

31-45 

—-03 

+■05 

2400 

K)-74-3 

16-82-3 

55-63 

30*94 

—  -99 

—■03 

+■05 

23-72 

30-63-8 

.6-69-5 

55*72 

31-24 

-  73 

■03 

+■05 

2377 

20-47-5 

16-47-2 

55-82 

33-86 

+  ■*4 

—  03 

+  -OS 

23-22 

30-33-9 

I6-4SS 

55-93 

30-10 

-2-65 

+  -OI 

+  ■04 

33-23 

{6-38-1 

56-35 

3094 

—  1-47 

--03 

+  ■05 

33-96 

20-I6-6 

16-17-9 

56-50 

32-49 

--03 

+  ■05 

33-91 

wSS-3 

1 6-50- 3 

56-76 

33-98 

+  -58 

—■03 

+  ■05 

23-38 

20-440 

I6-30O 

56-88 

36-04 

+  2-44 

—-03 

+-05 

23-30 

IS 

10-48-5 

.643-4 

5695 

3398 

+0-79 

--03 

+  ■05 

23-78 

16 

20-357 

16-3B-3 

57-02 

345' 

+  1-29 

-0. 

-t--05 

33-83 

84 


U.   8.    COAST   AND    GEODETIC    SUEVEY. 


GROUP  II,  PAIR  5. 


July 


Date. 


189I. 
June  II 

13 

17 
18 

22 

24 
26 

27 
28 

30 

4 
8 

17 
18 

26 

27 
29 

2 

3 
4 

5 

6 

7 
10 

13 
14 

15 

16 


M  icronietcr. 


Mean  app. 
Dec. 


I 


Aug. 


1891. 
June  13 

17 
18 

19 
22 

26 

27 
28 

30 

July     4 

8 

18 

26 

27 
29 

3" 

3 
4 

5 
6 

7 
10 

13 
14 

15 

16 


Aug. 


A': 

/.     d. 
I2'26*5 

1274'3| 

i3-93'8 

i3*69-2 

i279'o 

if59-2 

I2-93-8 

I3-47-2 

I2-8I-5 

ir5i-3 
1 25  If 

12-80-4 

12*017 

12191 

I2-5II 

1 1 '849 
1 1  •69-4 
i2-3i'6 
1 203-3 
i2'54-o 
1177-9 
12-63-3 

"74*5 
1279-0 

1 2'40-9 

ir967 

i2-4ro 

II  •72*4 


5. 
/.  «/. 
27-24-1 
27-65-8 
28-77-4 
2856  8 
27-59-3 
26-31-2 
27-71-8 
28-25-9 
27-61-3 

26-27-2 

27-32-9 

27-487 

26-63-2 

26-81-8 
26-55-1 

26*4 -)-o 
26*23-1 
26-78-5 
26-55-2 
27*05-9 
26-26-1 
2705-3 
26  •30-9 
27-2S-8 
26-81-1 
26-39-9 
26-76-3 
26-13*1 


21   10 


3717 

3759 
38-58! 

3884 

3974 
40-12 

40-50 

40-72 

4093 
41-42 

4236 

43-06 

44-90: 

4510 

46-30 ! 

46-50 

46-84 

47-50 

47-60 

4771 
4782 

4792 
4804 

4848 

4893 
49-06; 

4915 
4923 


Afic, 

f     // 

5  47  42 
4601 

4417 
4510 
43*41 
41-48 
42-87 

43*04 
43-29 
4239 
4376 
40-62 

39-05 
39-32 
3638 
3756 
3724 
35-66 
3682 
3682 

3596 
3452 
37-86 

3271 
3480 

3297 
34-22 


Lf7'el. 
ft 

—  -61 

+  -52 
+  164 

-f-  11 
-fi-23 
4-219 

-fl-28 

-f  -32 

-j-    *I2 

-h  36 
-156 
+  -1' 
-    -38 

-  -47 
4-1-30 

-  -30 

-  11 
-f    -92 

— i*i6 

—  -27 

+  -18 
-fi-io 

—  1-96 

—  1-05 

4-2-00 

—  -34 
4-1-48: 

4-  -29 


Ref, 

Mer, 

// 

// 

4-*io 

+•03 

4-'io 

-f-03 

—  37 

4-*04 

4-*io 

+  05 

4--10 

4-05 

4-*I2 

4-05 

-f'lO 

4--05 

-f-14 

4-04 

4--IO 

4-05 

4--IO 

+•05 

-f-io 

f*o5 

4-*io 

4-05 

4- -07 

4--05 

+•09 

4--05 

4--09 

4.05 

4-09 

4-05 

4- -07 

4- -04 

-f-09 

4- -05 

4-09 

4--05 

j-ii 

-f-os 

f-09 

4-05 

4-09 

4-05 

4-09 

4-05 

-I--09 

4-05 

+  09 

-f-05 

-f-09 

+•05 

f-09 

+  05 

f  09 

,  ••  05 

1 

/^ 


21 


.-68 


GROUP  II,  PAIR  6. 


1 
/.     a. 

/.    d. 

0     / 

14-82-8 

25-12-4 

21  12 

1503-0 

2526-2 

1 4- 1 8-8 

24-46-6 

1 3-5* -8 

23*73*3 

14-03-1 

24*20*7 

14-87-7 

2502-2 

14-00-6 

24177 

14-87-1 

25-06-5 

1382-9 

23*97*0 

14-222 

24*41*5 

14-43.6 

24-49-7 

14*53-2 

24*48-3 

13*38-6 

23-25-2 

1 3*  1 70 

23-12-7 

13-37-6 

23-31-2 

13-42*1 

23-36-0 

14*26-4 

24-17-6 

"3-53*2 

23-42-4 

13-92-5 

23-82-0 

13*55*2 

23-29-2 

14-67-5 

24-60-6 

12-76-3 

22-63-0 

13*44-6 

2316-4 

i3-4n-2 

23-27-2 

13-28-9 

2^050 

13733 

2351-8 

2548 

2650 
2676 
27-02 
2766 

28-43 

28-66 

28-8S 

29-36 

30-33 
31-06 

33-12 

34-38 
34-58 

34-98 
35  34 
35*74 
35*84 
35*94 
36-06 

36-18 
36-64 
37-10 

3724 
37*34 
37*43 


4-3 


5885 

57*37 

58-44 

5697 
56-07 

55*35 
55*95 
5649 
55*26 

5647 
53*40 
5o<S5 
48-88 

5099 
5050 

50-57 

49-94 
49-48 

49*55 
45*95 
50-38 
48-90 

45*44 
47*5« 
4^>*44 
4700 


// 

4-  -68 
4-1-23 

—  -20 

-fi-55 
4-1*32 

4-1*24 

-f  -23 

—  -24 

4-  -55 
—208 

4-  -47 
:  32 
-t  1-26 

—  -59 

—  -68 

1-50 

—  -61 

—  -76 

—  *44 
4-2-12 
— 2-29 

—  '99 

4-2-24 

—  31 

4-  -70 


// 

— *ii 

-41 

4- -07 
—  18 

4-*03 

4- -07 

4-07 
4-07 

4--05 
4-07 

4- -07 

4- -07 

4-07 
4- -07 

-f-io 

4--03 
4-07 

4-*io 

4-03 
4-03 
-f-07 

4-07 
4-07 

-05 

4-08 

-f-07 


// 


4- "02 

4--07 
4--05 
-f-*04 

4-04 
4--05 
4--05 
4--05 
4--04 
4--05 
4--05 
4--05 
4--05 
4-*o5 
4--08 
4-*o4 
4--05 
4- "06 
4--04 
4-*04 
4-05 
4--05 
4- -05 

4-*I2 

4-*o8 
4-05 


21 


25- 
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GROUP  II,  PAIR 

7- 

Due. 

MIcroDictu. 

«.g,^.pp. 

Con-Ktioni. 

L.timde. 

A'. 

S. 

Mie. 

Lrvil. 

Rrf. 

Mir. 

891. 

/.   ti. 

t.  d. 

II 

24-376 

15-99-5 

ai  20  02-46 

-3  37-62 

73 

-■06 

+■03 

21    16   24-08 

•3 

24727 

'S-33'i 

03-08 

37-97 

46 

-■06 

+-03 

18 

24-86-2 

»S43S 

04-40 

38-69 

69 

—■3' 

+  -OS 

24-76 

'9 

34-a*i 

lS'49-7 

04-66 

41.41 

-fi 

07 

--06 

-f-o6 

Z4-3S 

25-177 

15-65-7 

05-33 

40-85 

09 

--06 

+  ■06 

2439 

26 

24-53-7 

14-970 

06-13 

41-94 

-f 

--06 

+-06 

24-60 

27 

2S-OS-3 

>S-53« 

06-36 

4090 

70 

—  06 

+■06 

24-76 

18 

24-00-0 

14-395 

0658 

42-81 

+ 

06 

--06 

\-ak 

2382 

.     3° 

25-11-0 

•5S5-8 

07-08 

4'-S9 

v- 

-06 

+  -06 

14-54 

■17    4 

23-37-3 

1387-5 

08-10 

41-04 

87 

—  03 

+  .06 

2422 

8 

»4-4SS 

14-82-0 

0882 

43-52 

67 

+  ■05 

24-53 

iS 

24-19-1 

14-47-8 

11-05 

45-33 

3' 

-06 

+  ■07 

24-42 

H-H-3 

14-91-6 

1171 

45-65 

96 

-06 

+  -<H 

24-08 

33 

24644 

,4799 

11-87 

48-39 

34 

+  -04 

23-74 

a4-tO'8 

14-28-3 

12-03 

47-9S 

09 

—•06 

+-07 

24-03 

26 

24-41  8 

I4-S6-I 

12-41 

48-67 

+ 

64 

—  06 

+  ■06 

24-38 

37 

34 '26' 2 

14-47-9 

12-62 

4695 

39 

--06 

+  ■06 

2428 

29 

24-64-3 

■4-855 

"3-05 

47-07 

38 

—■06 

+  ■06 

1460 

30 

23-60-S 

I3-76-4 

■  3-^6 

48-30 

7a 

—06 

+■06 

2424 

\^   2 

23-44'& 

13-567 

13-76 

49-18 

41 

+  -05 

2412 

3 

24-35  < 

'453' 

I3-S9 

47-81 

70 

--06 

+  ■06 

^-38 

4 

2J-Sf3 

1 3-74 '4 

1402 

4848 

59 

—  06 

+  ■06 

23-95 

s 

24- '4-3 

14-31 -0 

1414 

481. 

99 

— o5 

+  ■06 

24-04 

I 

i4-02-7 

14-0S3 

14-26 

50.69 

+  1 

08 

--06 

+-06 

24-65 

7 

24&fr7, 

"473S 

14-39 

50-41 

+ 

09 

—-06 

+  -06 

24-07 

=3-333 

13-46-6 

14-88 

48-90 

94 

—■06 

+  -o5 

24-04 

13 

23-663 

13-63° 

15-40 

5J-7S 

+  1 

n 

-■06 

4^-06 

2390 

U 

24-60-4 

.4-670 

i5-5f' 

50-46 

03 

—■06 

+-06 

24-07 

14.20-4 

14-26-9 

15-68 

50-48 

26 

-■06 

+  06 

23-94 

16 

ayS^o 

'3'54-8 

15-78 

5' -34 

—  -40 

-^ 

4-06 

24-04 

GROCP  II,  PAIR  8. 


i»9i. 

/.    d. 

/.   d. 

0    1      n 

// 

// 

■>    /       // 

18-12-3 

22-78-8 

21  14  34-76 

+  1  48-22 

+0-23 

+■03 

+-03 

21    16    23-27 

>7 

17-38-! 

21-93-7 

36-4Z 

45-67 

+  ■■55 

+  -51 

+-07 

24-22 

iS 

17-43-7 

22-06-9 

36-70 

47-46 

+  -03 

+  05 

2402 

'9 

•7-83-5 

22-39-2 

36-98 

45-72 

+1-83 

-■45 

+■16 

24-24 

18-55  5   22-13-2 
17-70-6   32-220 

37-64 

46-18 

+  -30 

+■03 

4- -OS 

24-20 

26 

38-50 

44-7* 

+1-05 

+■03 

+-05 

24-35 

S7 

18^-4    22  53-^ 

38-72 

45-04 

+■03 

4- -OS 

n-f'i 

28 

16-58-6 

21-03-0 

38-96 

43-09 

+  I-I7 

+-08 

13-33 

1     ■'° 

17-J3-2 

21-72-5 

39-46 

44-S3 

+  -36 

-+--05 

24-13 

ly    8 

17-227 

2. -64-7 

41-30 

42-54 

+-05 

23-90 

18 

16-S5-3 
1684-5 

20-&)-7 

43-54 

4077 

--  -59 

-f-03 

+  -OS 

23-80 

ai-ft-S 

44-^3 

40-29 

--58 

+■06 

+  ■"3 

24-13 

24 

16-63-1 

20-89-9 

44-56 

39-01 

+  -39 

+-05 

24-04 

26 

17-11-5 

21-281 

44-95 

36-64 

-fi-55 

+-05 

23-22 

29 

15-74-9 

2001-6 

45-61 

38-99 

_   98 

+-OS 

23-70 

30 

■  8-35-8 

a  1-587 

45-82 

38-1. 

-    -26 

+-<M 

23-78 

!-     2 

.7-02-6 

4636 

37-20 

+  -76 

+■08 

24-40 

3 

16-83-1 

21-05-6 

46-50 

38-01 

-1-06 

+■05 

2353 

5 

16-74-4 

20-95-4 

4670 

37-67 

-  -93 

+-OS 

23-52 

6 

16-60-6 

20-68-6 

46-89 

34-65 

+  2-24 

+.05 

23-86 

7 

16-70-7 

20-78-4 

47-02 

34-58 

-(-1-74 

+-05 

33-4^ 

16-63-0 

20-82-8 

47-54 

37-39 

-1-32 

+■05 

2369 

»3 

16-65-0 

20-7S-6 

48'oS 

35-25 

+  -67 

+■05 

2408 

«4 

17-24-6 

21-37-6 

48-24 

35-81 

—  .19 

H--OS 

23-94 

Ji 

17-04-6 

2..I6-8 

48-36 

35-62 

-■38 

+-OS 

IV** 

\ 

17-17-6 

21-24-7 

48-49 

34-44 

+  ■38 

+-03\-V-«S 

\            *^-^A 
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U.   8.    COAST   AND   GEODETIC   SURVEY. 


GROUP  III,  PAIR  I. 


Date. 

M  icrometer. 

Mean  app. 
Dec. 

Correcdont. 

Latitui 

A". 

S. 

Mic, 

Level. 

Ref. 

Mer. 

1S91. 

/.   </. 

/.   d. 

0    /    // 

/    ff 

//• 

// 

// 

0     / 

July     4 

25-8r5 

14*00-0 

21  20  37'i8 

—4  10*89 

-1*73 

— '07 

4--05 

21    16  2. 

8 

2472-2 

13*80-4 

38*02 

13*28 

—   -12 

-•07 

4--05 

Z 

17 

2478-9 

13*800 

40*10 

14*93 

-•65 

—•07 

4--05 

^i 

18 

24-36-2 

i3*35-5 

40*32 

'5*34 

—  *32 

—•07 

4--05 

2. 

23 

25*22-1 

i3o8'6 

41*22 

18*32 

4-178 

-•05 

4--05 

2i 

24 

24-90-5 

13-82-2 

4140 

17*11 

-f  *5o 

—  07 

4--05 

2. 

26 

24*22-9 

1305-0 

41-80 

19*34 

+  1*94 

-•07 

4--05 

2. 

27 

24*877 

I379-4 

42-02 

1711 

-.65 

—•07 

4--05 

%i 

29 

24-48-8 

13.390 

42-49 

17*46 

-  -91 

—•07 

4-05 

2i 

30 

24*32*0 

13-18*4 

42*71 

18*36 

•00 

—•07 

4--05 

2i 

Aug.   3 

24*48-3 

I3-3I-0 

43*44 

19-20 

-    15 

— *o7 

4-05 

2d 

5 

24*15-1 

1300*3 

4370 

18-62 

-    52 

—  07 

4-*o5 

2i 

6 

24*83-5 

13-57-6 

43-85 

21-19 

4-1*88 

—  07 

4--05 

2t 

7 

24-76-6 

I3-48-4 

43*99 

21-72 

4-1*87 

— *o7 

4--05 

2i 

10 

24-67-5 

i3-49'9 

44*53 

19-27 

—  70 

-07 

4--05 

2i 

13 

24-53-4 

13*22-9 

45*10 

22-26 

4-ro2 

— *o7 

4--05 

2' 

14 

25-12-8 

13*88-4 

45*26 

20-84 

—  04 

—-07 

4-05 

2^ 

IS 

24-66  2 

13-41*0 

45*42 

21*03 

—  -30 

4--OI 

4-08 

2i 

16 

24*74-2 

13-48-5 

45*54 

21*14 

•00 

— -07 

+  05 

2i 

22 

24*54*8 

i3*i5'i 

46*21 

2439 

4-2-44 

-•07 

4--05 

2i 

23 

24*90*4 

13:58-6 

46-36 

22*56 

4-  *64 

—07 

+•05 

2i 

25 

25-12-6 

13*81-0 

4668 

2251 

-f  -62 

—  07 

4--05 

2A 

26 

24-96*5 

I3-5I-3 

4683 

25-67 

4-3.62 

—•07 

4-05 

2d 

29 

24-87-9 

13-500 

47-19 

2398 

4-  -87 

-07 

4-05 

2i 

Sept.  2 

2S-987 

I4-49-3 

47*44 

26-64 

4-4*12 

—•07 

4- -05 

2i 

9 

25-61*1 

I4-25-3 

48*11 

23*49 

—  30 

—•07 

4--05 

2i 

12 

24*94*1 

14-S7-8 

48-32 

2360 

—  30 

—•07 

4--05 

2i 

18 

25-11-4 

I3-69-I 

4844 

25-00 

4-117 

—•07 

+•05 

Z 

19 

25-506 

14*11*1 

48-50 

2435 

4-  .57 

-•07 

-f-05 

2i 

26 

25-16-0 

13-76-8 

4880 

24-28 

4-  .38 

—  07 

-f*o5 

Z 

28 

• 

24-85-4 

13.440 

48*74 

24-79 

4-  .58 

— *o7 

+•05 

2. 
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;uUs  from  observations  for  the  variation  of  latitude  at   Waikikiy 

Eaucaiian  Islands. 


GROUP  III,  PAIR  9. 


>ate. 

Micrometer. 

Meanapp.   , 
Dec. 

Corrections. 

Latitude. 

N, 

5. 

ATic. 

Level, 

J^ef, 

Afer. 

189I. 

t.d. 

/.   d. 

0     f       /f 

f       // 

// 

• 

// 

0     /       // 

Qly    4 

28*99*7 

11*62*7 

21    23   07*24 

— 6  42^96 

—   *OI 

—•12 

4- -05 

21    16  24-20 

8 

29*49*6 

12*07*5 

08*10 

44.14 

-}-  -20 

—•12 

4-05 

24*09 

17 

29*64*3 
28*81 -6 

I2-I43 

10-22 

45-97 

—  -18 

—  •12 

4- -05 

2400 

18 

12*34*9 

10*45 

45-21 

—  -88 

-12 

4-05 

24*29 

22 

28*27-5 

10-79*0 

11*22 

45-63 

--'-34 

—  12 

-f-05 

24*18 

23 

28*516 

10*90-5 

11*40 

4855 

+  1*97 

•10 

4-05 

2477 

26 

28*47*9 

10-90*1 

11-99 

47-78 

-34 

— -12 

^•05 

23*80 

27 

30*1 1*6 

12-540 

12*22 

47-74 

—  -41 

—•20 

-f-i3 

24*00 

29 

29' 1 3*0 

11-52*6 

1270 

4839 

-  -46 

—  12 

4- -05 

23*78 

30 

29*16-8 

11*55-2 

12*92 

48-66 

-  -15 

— -12 

4- -05 

24-04 

31 

29*18  I 

ii'6oo 

13-16 

48*85 

—  -90 

— -12 

4-05 

24-34 

Log.    2 

28*60*6 

10-97-6 

13-54 

48*99 

—  -28 

—•12 

4- -05 

24*20 

3 

29*68*2 

12*05*4 

13*70 

4894 

*82 

— -15 

4-06 

23-85 

5 

28*853 

11*19*4 

«3-99 

49*66 

-50 

— *I2 

4--05 

23*76 

6 

29-509 

11-82-4 

14*14 

50*27 

+  -42 

— -12 

4-05 

24*22 

7 

29*38*7 

11*62*7 

14*28 

52-00   4-1-97 

— -12 

4- -OS 

24*18 

10 

29-25-6 

"•63-3 

14*84 

48-83    -208 

— -12 

4--05 

2386 

13 

29-61*1 

11*85-1 

15-44 

5200   -f  *5i 

—•12 

4--05 

23*88 

14 

29757 

11*99*6 

15-61 

5203 

—    -12 

—•12 

4-05 

23-39 

15 

28-858 

11*12-8 

15*78 

5i-3« 

-  -58 

— *I2 

4-05 

2382 

16 

29*82*9 

12*05-5 

15-92 

52-33 

-f  72 

—•12 

4- -OS 

2424 

20 

28*88*7 

1 1  -06-4 

16-38 

53-47 

+  129 

—  12 

4- -OS 

24*13 

22 

29*34*4 

11*53*1 

16*64 

53-24 

+  -55 

—•12 

4- -05 

23-85 

23 

28*89*8 

1 1*07*8 

16*80 

53-40 

-f  -57 

— *I2 

4- -OS 

2390 

25 

29-43-9 

11*62*2 

17*14 

53*33 

-f-  -84 

—•12 

4-05 

24-58 

26 

29*23- 1 

11*32*2 

17*29 

55-46 

+2*46 

—•12 

4- -05 

^          2422 

29 

2973-9 

11-93*4 

17-70 

5305 

—  -31 

— *I2 

4- -05 

2427 

31 

29*29*9 

11*48*9 

17*86 

53-16 

--38 

--•12 

4-05 

24*25 

«pt.  2 

29-33*8 

I1-551 

17-98 

5263 

— f  12 

— -12 

4- -05 

24.16 

6 

29*96*3 

12-08*3 

18-36 

54*79 

4-  -92 

—  *I2 

4- -05 

24-42 

9 

28-71*8 

10*95-8 

18*72 

52-00 

—214 

—  12 

4- -05 

24-51 

IS 

29*17*7 

11*21*1 

1907 

5678 

4-1-94 

— *I2 

4- -05 

24*16 

18 

29*23*7 

11*29*2 

19*17 

5630 

4-1-50 

—  12 

4- -05 

2430 

19 

29*87*6 

11-99-6 

19*22 

54-79 

—    -22 

—•12 

4- -05 

2414 

26 

29757 

11-82*5 

19-62 

5600 

4-  -35 

—  12 

4-05 

23*90 

27 

29*28*1 

11*28*2 

19*60 

5755 

4-1*72 

--•12 

4- -03 

2368 

28 

28*17*3 

10*25*9 

19*59 

55-58 

4-  -24 

—  12 

4- -05 

24*18 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


GROUP  III,  PAIR  3. 


Dati>. 

MiiTonieter. 

Mean  app. 

Correctioiit. 

Latitude. 

A^. 

S, 

Mic, 

Level. 

Ref, 

Mer, 

189I. 

/.     d. 

t.   d. 

Off/ 

/      // 

// 

ff 

0      /       // 

July     4- 

I4-66-8 

23*40-1 

21    13  02*18 

+3  22-59 

—   *26 

-fo6 

4-04 

21    16   24*62 

8 

14-53-2 

53-21 -8 

03*04 

21-50 

-f    -12 

+•06 

4-05 

2476 

17 

iS'OS'i 

23-67*2 

05-16 

19-99 

—  1*62 

-f*o6 

+  •05 

23*64 

18 

I4i3'4 

22-73-0 

05  4P 

19*41 

""     32 

-I--06 

4-05 

24*60 

22 

I4*63*4 

23-24-3 

06*19 

1972 

—1*68 

4  06 

4-05 

2434 

23 

i4-^30 

23-43'8 

06*37 

»7-37 

-1-1*20 

4-09 

4- -06 

2509 

26 

14790 

2330-7 

06-98 

17-58 

-f   -24 

-f-io 

+•04 

2494 

27 

15-067 

2360-7 

07*20 

1812 

-1-35 

+*o6 

4-05 

24*08 

29 

14-89-2 

23-380 

07-68 

16*91 

-  -45 

-|-*IO 

4- -04 

24*28 

30 

14-20-7 

2269-3 

07-91 

i6*8b 

—   42 

-f -06 

4--05 

24*46 

3» 

I5-34' 

23*84*9 

08-14 

1737 

—  1-40 

-h*o8 

+•05 

2424 

Aug.  2 

14-23-8 

22-70*9 

0854 

16-51 

-•64 

-I-06 

+•05 

24-52 

3 

1 5  •49-5 

23-990 

08-70 

17*07 

—  1*06 

+•09 

4--06 

24-86 

5 

1504-3 

2350-2 

09-00 

16*24 

-  -63 

4-06 

+•05 

2472 

6 

15-I8-7 

23-61-4 

09*16 

'5*49 

—  -54 

+  •06 

+•05 

24*22 

7 

I5-55-8 

23-92-1 

09-30 

14*01 

-h  -98 

4-o6 

+•05 

S4-40 

10 

15-00-9 

23-46-4 

09-86 

1614 

-1-87 

-f*o6 

+•05 

2424 

'3 

14-879 

23-20*6 

10*48 

1317 

4-  -36 

4-06 

+•05 

24*12 

14 

15-250 

23-62*3 

10*65 

1424 

-    97 

4-06 

4-05 

2403 

15 

15297 

23-720 

10-83 

15*40 

—1*72 

4-06 

4-05 

24*62 

16 

I5S4-3 

23-88-5 

10*98 

>3-52 

—    13 

4- -06 

4-05 

2448 

20 

15-551 

23-85-6 

11*46 

12-66 

-f  -27 

4-06 

4.  05 

2450 

22 

14-81-6 

23-13-6 

1173 

13-01 

—  -3' 

4-06 

4--05 

24*54 

23 

i4*Sr2 

23-82*1 

11*89 

12*76 

-  -34 

4-06 

-fo5 

2442 

26 

1 5  •36-9 

23-57-3 

12-40 

10*32 

+  1-40 

4-06 

4-05 

24*23 

29 

'5-53-5 

23-82*3 

12*82 

12*27 

-  *98 

4- -06 

4-*o5 

24*22 

3i 

15-56-5   23-86-2 

13-00 

12*48 

-  -93 

4- -06 

4-05 

24-66 

Sept.  2 

1476-1    2303-5 

13H 

11*94 

—  1-40 

+  03 

4-05 

2376 

6 

15-29-8  !  23-55-1 

1353 

1 1*46    —  1  -02 

4*05 

4-05 

2407 

9 

i4-86'8    23- 1 5' I 

13-91 

12*15 

—1*91 

4-*o5 

4-05 

24*25 

12 

15-41-9    23-66-7 

1418 

11-34 

-1-65 

4- -05 

4*05 

23-97 

"5 

I5I7-3    23-33-7 

14*3' 

0939    -f   -"4 

4-05 

+•05 

2394 

18 

14-98-6  {  23-15*1 

1443 

0942    -    -05 

4-05 

4-05 

23*90 

19 

14-62-7 

22*82*6 

14*50 

I0-20  1  —  *45 

4-01 

4-04 

24*30 

26 

14-80-7 

22-92*3 

14*94 

0828 

-h  -53 

4-*o5 

4-05 

2385 

27 

14-84*2 

22*98*9 

14*94 

09*00 

+  -52 

4-05 

4-05 

2456 

28 

14-97-4 

23*091 

M*93 

08*30    -f    79 

4-05 

4- -05 

24*12 
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Results  from  observations  for  the  variation  of  latitude  at    Waikiki, 

Hawaiian  Islands. 


GROUP  III,  PAIR  4. 


Omte. 

MicToineter. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

iVi 

S, 

A/u. 

Level. 

Ref, 

Mer, 

1891. 

/.   J. 

/.  d. 

0    /       // 

/      // 

ft 

/ 

f 

// 

Off/ 

}^7     4 

8-47*o 

31-29-2 

21   07   12*46 

-f9  12-63 

~  -76 

+• 

19 

-f-05 

21    16  24-57 

8 

7-00-3 

30-83-3 

13*34 

12-82 

—  1-12 

+• 

17 

-{-•06 

25-26 

17 

7-67-8 

3 » •42-3 

15*47 

10-85 

— 2-19 

+* 

17 

-f*o6 

24-36 

18 

8-41 -6 

3II2-4 

15-72 

o9'99 

-  96 

+* 

17 

-f-o6 

2498 

23 

6-65-8 

30-26-9 

16*71 

07*74 

+  *17 

+* 

12 

+  09 

2483 

26 

6-93-9 

30-53I 

17*32 

07-30 

—  *49 

+* 

17 

-f-*o6 

24-36 

27 

673-5 

30-36-6 

17*56 

08-27 

-1.58 

+• 

17 

-f*o6 

24-48 

29 

6^40*0 

29*99*0 

18-06 

0725 

— 1*46 

+• 

23 

+•05 

24*13 

30 

773*1 

31-32-6 

18-30 

07*37 

—  1*39 

-h* 

16 

-f--o6 

2450 

Aug.   2 

7-81 -2 

31*377 

18*95 

06-67 

-  1-23 

-f* 

12 

4-04 

24*55 

3 

6*62'6 

30-22*2 

19*12 

0739 

i*8i 

-f* 

10 

-f-04 

24-84 

5 

6-977 

3053*9 

19-44 

06-60 

—  1-96 

+• 

16 

-I--06 

24*30 

7 

6-37-3 

29*84-5 

19*76 

04-51 

4-  -20 

+* 

16 

+  06 

24*69 

10 

6*537 

30-07-2 

20-33 

05-98 

-1-99 

+• 

16 

-f*o6 

24*54 

*3 

7-07-3 

30-50-1 

20*97 

0350 

—    -21 

+• 

16 

+•06 

24-48  i 

14 

574-2 

29- 1 7-9 

21*16 

0370 

—  116 

+. 

16 

-f*o6 

23*92 

15 

6*36-2 

29*89*0 

21*35 

0582 

—2-64 

+• 

16 

4-06 

24*75  j 

16 

7-02-6 

30-44-6 

21*52 

03*31 

—   71 

-f* 

16 

-f*o6 

24*34  • 

20 

6-03-9 

29-41*5 

22*04 

02*29 

—  *24 

+• 

16 

4-06 

24*31 

22 

6'66'S 

30-10*0 

22*33 

03-66 

-1-51 

+* 

16 

+  06 

2470 

23 

•J'll'2 

30*56*4 

22*50 

02-66 

—  -68 

-h* 

16 

4. -06 

2470  i 

25 

6-84-5 

30- 1 7*3 

22*86 

OI-I8 

—    *I2 

+  • 

16 

4- -06 

24*14 

26 

6.14*4 

30-44*  I 

23-05 

00*46 

-h  -41 

+* 

16 

4- -06 

2414 

29 

7-100 

30-44*7 

23*52 

01*62 

-1-83 

+• 

16 

-f*o6 

23*53 

31 

7-075 

30'43*5 

23*74 

01-92 

—  2*08 

+  • 

16 

-f  06 

23-80 

Sept.   2 

7-07-1 

30-38*7 

23-90 

00-90 

-  *84 

+• 

16 

+-06 

24-18  : 

6 

7-05-9 

30-40-6 

24*34 

01*62 

—2-04 

+• 

16 

4- -06 

24*14  ; 

9 

7-09.4 

30-46-2 

24-76 

02*10 

—2-76 

+* 

16 

4- -06 

24*32  : 

12 

707-9 

30*40-8 

2509 

0I-20 

—2-33 

+* 

16 

4-*o6 

24*18 

15 

7-42-6 

30-65*8 

25-26 

+8  58-95 

—    17 

-f- 

16 

4-06 

24*  26 

18 

r3o-3 

30-52-1 

25*44 

58-62 

—  -44 

+• 

16 

4- -06 

23*84 

19 

6-75-5 

30*00-4 

25-52 

5934 

-I  36 

-h- 

16 

4-06 

2372 

26 

6-98-8 

30-18-6 

26-10 

5816 

--65 

+  - 

16 

4-06 

2383 

27 

7-50-4 

30-68*9 

26-12 

57-86 

-  -48 

+• 

16 

4--06 

2372 

28 

5-96-5 

29*19-5 

26-13 

5890 

-'^Z 

+• 

16 

4-06 

2442 

90 


U.   8.    COAST   AND   GEODETIC    SURVEY. 


GROl'P  III.  PAIR  5. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Correctioiis. 

Latitude. 

N. 

5". 

Mic, 

Level, 

Ref, 

Mer. 

1891. 

/.  </. 

/.   d. 

0     /     // 

/      // 

// 

/ 

// 

0     /     // 

July    4 

29707 

11-87*7 

21   22  54-44 

—6  30*43 

—  79 

— • 

-f-05 

21    16  23- 1( 

8 

2771-5 

10*83-8 

5536 

31-52 

—    32 

— * 

+  05 

23-4< 

17 

27'25-5 

10-30*3 

57-56 

33-26 

-•76 

— • 

-f-05 

23-4J 

18 

2809*6 

11-12*5 

57-80 

33-70 

—    66 

— • 

+•05 

23*3« 

22 

27-53-0 

10*55-0 

58*64 

3391 

—  1-27 

ts 

2T4C 

23 

27-45*5 

1016-5 

5884 

3646 

4-1-30 

— - 

22 

23-54 

26 

27*98-2 

IO-886 

59-47 

36.60 

+  -53 

— • 

+•05 

2334 

27 

27-98'9 

IO-95-5 

59-71 

35'i6 

-  -75 

— • 

+•05 

23*74 

Aug.   2 

27-89-4 

io*79*8 

23  01*14 

36*60 

-  -57 

— - 

+•04 

23*» 

5 

27-94-5 

10*79-3 

01-66 

37-90 

-  -38 

— • 

-f-05 

23-3« 

7 

27  •64-8 

10*41*9 

01.98 

39-69 

+1-36 

— • 

+•04 

^^H 

10 

27-52-8 

10-39*8 

02*58 

37-39   —1*27 

— • 

+•04 

23*86 

13 

27-62'2 

10*347 

03*25 

4075 

+  -83 

— • 

-f-os 

13-28 

14 

27-26-2 

10-04*3 

03*52 

3946 

—  -50 

— * 

u     +05 

23*50 

15 

27*827 

1064*3 

03-67 

38*64 

-1-35 

— • 

+-05 

23*6a 

16 

27-84-4 

10*24*9 

03-82 

40-15 

-h  -18 

— • 

+•05 

23-79 

20 

28-597 

11*29-7 

0436 

41-33 

-I-  -55 

-f-05 

23-52 

22 

27-90-3 

10*63*4 

04*68 

40-62 

-  -48 

— • 

+•05 

23-55 

23 

2803-5 

10-73-4 

04-84 

41-36 

-h  -23 

— • 

+  05 

23-6! 

25 

28-568 

11*23*6 

C5*22 

42*08 

+  -67 

— * 

-f-05 

237; 

26 

28-91-7 

11-58*1 

05*42 

.  42-17 

-h  -52 

— - 

+•05 

23-7 

29 

28-237 

II -01 -3 

05*90 

39-57 

—2-00 

— • 

-f-o5 

24-2 

31 

28*42*0 

iri2*6 

06*14 

41-20 

—1-05 

— * 

-f-05 

23*8 

Sept.  2 

«9*i47 

11-71*1 

06*32 

44-49 

+2-19 

— - 

-f-o5 

23-9 

6 

28-02-8 

10755 

06*76 

40*71 

-1-74 

— • 

+•04 

24*2 

9 

27*54-9 

10-27*4 

07*20 

40-75 

— 2-00 

— • 

+•05 

24*: 

12 

28-27*6 

10-89*9 

07-56 

43-12 

--76 

.f-05 

23^ 

15 

28*39*o 

1 1  •95-8 

07-75 

44-40 

4-  -19 

— - 

+•03 

23-^ 

18 

28*81*2 

11*386 

07-94 

44-26 

-h  -26 

+•05 

23-J 

19 

2771*5 

10*29*3 

08*02 

44*16 

—    12 

— • 

-f-05 

23-1 

26 

2877-5 

10*33*1 

08*64 

44-68 

—  -32 

— • 

+•04 

23-. 

27 

28*95*3 

10*51*2 

o8*66 

4460 

-f-  -18 

+•05 

24- 

28 

27*87*6 

io*44'2 

0868 

44-44 

—  -10 

■     ■ 

11 

-f-05 

241 
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mitt  from  o&sertiattoiw  for  ihe  variation  of  latitude   at   Waikiln, 
Sawaiian  lalanda. 


GROUP  III,  PAIR  6. 


Due. 

MiciD-Dcttr. 

M«aipp. 
Dec. 

CaiTccUoos. 

LilJluda. 

a: 

S. 

mc. 

Lr-jel. 

Rff- 

M<r. 

.89.. 

/.  J. 

1.  d. 

■It  4 

16-47-5 

II -41-0 

21    14  2950 

+1  54-48 

+  -JO 

^■03 

+  ■05 

21    16   24-26 

8 

iS-86-6 

20-77-7 

30-46 

53'9J 

—  -03 

+  -03 

+  ■05 

24-44 

'7 

.5-64-. 

W49-6 

32-72 

52-61 

-■8j 

+  •03 

-f-05 

24-58 

iS 

16-70-6 

2t-49-7 

32-97 

5114 

—  -03 

+  •03 

+■05 

24-16 

M 

15-47-8 

2O-30-S 

33-86 

51-98 

—  ■91 

+-04 

24-96 

«3 

16-07-3 

2073-1 

3406 

4806 

+2-03 

+  ■03 

+■05 

24-23 

16 

16-S2-8 

21-22-7 

34-72 

49-01 

+  I-07 

-f-03 

-J--05 

24-88 

J7 

15895 

20-62-1 

34-96 

49-64 

-■58 

+  ■03 

+■05 

14-10 

30 

16-5. -8 

2I-I9-7 

3575 

48-55 

+    -12 

+-03 

+-05 

24-50 

i^.  a 

iS-97'2 

2061-5 

36-46 

47-71 

—    -06 

-f-03 

+■05 

2419 

5 

16-57-8 

21-24-2 

37-00 

48-20 

--83 

-■05 

+-06 

24-38 

6 

-5-78-1 

IO-393 

37-17 

46-99 

+  -iH 

+  -03 

h-05 

24-42 

<  6-38-5 

37-96. 

47-34 

-  -88 

+  ■03 

-05 

24-50 

'3 

I6-09-6 

20-60-3 

38-66 

44-56 

+  .■30 

+  ■03 

■OS 

24-60 

U 

IS75-6 

»-3i*3 

38.86 

4571 

-■56 

-f-oj 

-■OS 

14-10 

'S 

16-66-0 

39-07 

4578 

—  -88 

+■03 

h-o5 

2405 

16 

.6-5S.a 

2 1  08-0 

39-26 

44-35 

+  "77 

+03 

+■05 

24-46 

17151 

21-72-9 

39-86 

43-88 

+    -21 

—■01 

-f-04 

23-98 

*3 

16-33-3 

20-76-s 

40-36 

43-''5 

+  -79 

+■03 

24-28 

»S 

1617-9 

20-65-3 

40-75 

41-47 

+  1-94 

+-03 

24-24 

36 

16-13-3 

20-56-1 

409b 

42-72 

+  -60 

+■03 

24-36 

W) 

16-62-3 

20-90-0 

41-38 

39-22 

+3-26 

+-03 

23-94 

3> 

I6-50S 

20-9S-4 

4174 

43'4 

-  -96 

+-03 

2400 

^  a 

16-40-3 

20-65-2 

4 '-94 

38-57 

+3-40 

+■03 

"399 

6 

i6-aa-2 

20-641 

42-42 

4251 

+■03 

+■05 

24-32 

9 

'S-93-3 

20-223 

43-88 

39-52 

-f'03 

23-94 

15-864 

43-17 

38-99 

-I-1-74 

+  ■03 

24-08 

iS 

16-87 -5 

ii-iS-o 

4371 

39-S7 

+  -40 

\-°l 

24-06 

'9 

'6539 

20-84-4 

43-80 

39-87 

+  -06 

-f03 

2381 

23 

I6-64-4 

20-85-9 

44-26 

37-78 

+  1-85 

+  ■03 

=3-97 

26 

16-17-9 

20-56-5 

44-50 

39-43 

+  -35 

+  ■03 

2436 

27 

16-46-3 

20-70-1 

4452 

38-32 

-i-  -84 

-f-o3 

23-76 

3S 

I5-883 

20- 14-8 

44-56 

38-94 

+  -46 

+.3 

-f-05 

24-04 

COAST  AND  GEODETIC  80BTET. 
GROUP  III,   PAIR  7. 


0.... 

Micro 

Deter. 

Dec. 

CorrecUoM. 

LUHooe 

M 

s. 

Jt/it. 

Ovrt. 

.,/ 

Afrr. 

1891. 

t.    d. 

/.  a. 

a     /     // 

If 

•     /       / 

July    8 

ITST7 

23-60-4 

31    14  1804 

+  1  56-62 

--I6 

+-OS 

■f-os 

«  I6lfi 

'I 

16-597 

31 -56-3 

3c^36 

5S30 

-1-5* 

+-03 

+  05 

141 

18 

16707 

2.-60-9 

3»S* 

S3-7» 

-  -85 

+■03 

+-06 

V 

23 

1 6*7- 2 

2.-05-8 

31-to 

51-03 

+  .-06 

+■05 

+-08 

ijl 

16 

'r°!i 

2.-8.-5 

33-35 

51-38 

+  -06 

+■03 

+-OS 

«31 

17 

16-56-8 

21-40-9 

33-48 

51-30 

-13* 

+  03 

+-04 

»31 

30 

16-78-2 

21-61-5 

33-^6 

53)1 

:;:S 

+  03 

+■06 

«31 

Aug.     2 

IS73-6 

II-SI-4 

3398 

5<^S4 

+  03 

+-OS 

3J1 

I6-.4I 

2I9J4 

34-17 

50-73 

-1-33 

+■03 

+  05 

«J1 

16-66-9 

3.  42-9 

34-51 

50-41 

+-03 

+■05 

n% 

16-49-0 

3.-30-3 

34-86 

49-34 

+  -35 

+  03 

+•05 

^^< 

16-62-6 

21264 

3616 

47-60 

+    10 

-f  03 

+■05 

m 

IT  34-9 

3.-99-2 

36-36 

4771 

-  -97 

+■03 

+■05 

S3-I 

>fi-6S» 

3r38-9 

36-59 

4989 

^3-83 

+  03 

+-0S 

vn 

10-97-1 

2.577 

3678 

4685 

-  -18 

+  03 

+■05 

JJi 

.7-65-3 

33-37-3 

3738 

4715 

-■85 

-f03 

+■05 

»3-7 

17-10-0 

2.73-6 

37-70 

47-55 

+-03 

+■05 

14-: 

25 

18-Ji-o 

33-62-7 

38  38 

46-85 

— 1-19 

^^■oi 

+-05 

(4„ 

36 

I7-S7-I 

33-. 3-3 

38-48 

45-58 

—  -43 

+  03 

+■05 

m 

29 

I7-54-5 

39-04 

43-58 

+  -80 

+■03 

+t>S 

»ri 

31 

i7'o7-8 

31-66-3 

39-28 

46-36 

-.-64 

+  03 

+-OS 

«4-< 

Scpi.    z 

, 7-91-3 

33-309 

39-48 

41-98 

+  1-56 

+  ■03 

+-OS 

JJ-1 

6 

17-321 

ll'tp 

39-98 

44-73 

-1-17 

+  03 

+  OS 

»3< 

9 

.7-89-6 

40-45 

41 -45 

+  1-74 

+  03 

+-05 

»3' 

18-00-7 

33-38B 

4086 

41-63 

+  -94 

+  OS 

+■05 

n\ 

"5 

f7'439 

31-37-8 

4110 

41-98 

—  -.8 

+■03 

+■05 

«r 

iS 

I6-9J-5 

ai'347 

41-32 

4358 

+-05 

+-OS 

33-: 

•9 

r7-49-i 

31-931 

4' -43 

4398 

-  7' 

+■03 

+-05 

»r 

»3 

17-85-7 

33- 208 

41-90 

40-94 

+  ■4> 

+-OS 

n 

lb 

.8-05-1 

33-470 

43-16 

425. 

-  '7° 

|i 

+■05 

M- 

n 

'7-35-3 

3. -739 

42.9 

41-75 

-  -66 

+•06 

ai 

18 

17S4' 

3. -93-5 

4333 

4170 

-    19 

+■03 

+■05 

n 
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uilts  from  observcUions  for  the   variation  of  latitude  at    WaikiJciy 

Hawaiian  Islands, 

GROUP  III,  PAIR  8. 


>ate. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N. 

S. 

Mic. 

Z«v/. 

Kef. 

Mer. 

891. 

/.    </. 

t.  J, 

0     /       // 

f      // 

// 

ft 

// 

0    /       // 

ay.  4 

25*78-4 

14*82-3 

21  20  3892 

—4  14*28 

—  -08 

—  08 

+*o6, 

2L   16  24*54 

8 

24-95*5 

1 3*94* » 

39*86 

15*51 

-    25 

—  08 

+•06 

24-08 

17 

24- 10-4 

13*04*9 

42*06 

16*46 

— 1*42 

— -c8 

4-'o6 

24*16 

18 

24*82*0 

i37'*o 

42*32 

17*74 

—  -47 

—  08 

-f*o6 

24*09 

22 

26*02*8 

14*93*0 

43*21 

17-46 

-1*45 

—  08 

+  06 

2428 

23 

25*03«i 

13^8*5 

43*40 

20-89 

-fl*29 

—  08 

-f--o6 

23*78 

26 

24-340 

13*10*9 

44*05 

20-54 

4-  -41 

-08 

-f-06 

23*90 

27 

24-66*1 

13*48*0 

4428 

19-38 

68 

-08 

-f*o6 

24-20 

30 

24-92-0 

13.70*9 

45*56 

20-08 

—    66 

—  08 

+  06 

24-80 

«g.    2 

2472*8 

13*47*2 

45*77 

21*12 

—  -70 

—  03 

-I--08 

24*00 

3 

25-29*3 

I4.*04*0 

45*97 

21*05 

-•36 

-08 

-{--06 

24*54 

5 

2475*8 

13*50*3 

46*34 

21*10 

— 1-17 

~*o8 

-f*o6 

24*05 

6 

24*80*0 

13*49*5 

4649 

22*26 

+    *27 

— *i3 

+•09 

24*46 

7 

24*06*7 

12*69*7 

46*66 

23*77 

+  *97 

—-08 

4-06 

23*84 

10 

25*59*3 

14-27*8 

47*27 

22-49 

1-08 

-08 

-{-•06 

2368 

13 

24*61*9 

13*22*4 

47*96 

24*35 

-f  -82 

-    08 

4  06 

24-41 

14 

24*51*3 

13*12*7 

48*17 

24*14 

-  -25 

-08 

+-06 

2376 

15 

24*  27*2 

13*97*4 

48*38 

22-10 

-1*38 

—  08 

4- -06 

2488 

16 

24*90*5 

13*50-7 

4857 

24*42 

-f  •«5 

-08 

4-06 

2428 

20 

24-82*1 

i3*37*9 

49*  1 8 

25*44 

+  -44 

— -06 

4-05 

24*17 

22 

25*21*4 

13*82*7 

4950 

24-16 

-1*02 

-08 

4-*o6 

24*30 

23 

25*26*6 

13*80-5 

49*68 

25*88 

-h   *26 

--08 

4-*o6 

2404 

25 

25*00*2 

13*55*0 

50*08 

2567 

4-  *36 

-08 

4-06 

24-75 

26 

25*43-2 
25-3^*2 

13-96*6 

50*28 

25*99 

+  -29 

—-08 

4-06 

24*56 

29 

13*88-8 

50*82 

26-18 

—   *20 

—  08 

4-06 

24*42 

3« 

24*18*9 

13-73*8 

51*09 

2565 

—  *74 

08 

4-06 

24*68 

pt.    2 

24*68*9 

13*09*4 

51*30 

28-99 

4-2*15 

•08 

-f*o6 

24*44 

9 

25*32*6 

I3*75*i 

52-27 

28-52 

+  75 

—  08 

4- -06 

2448 

12 

24*77*3 

13*14-8 

52-69 

2968 

+  1*26 

-08 

4-06 

24*25 

15 

24*05*8 

13*46*2 

52*94 

29-01 

-f-  -39 

•08 

4-*o6 

24*30 

18 

25*61*0 

14*04*3 

53*i8 

28-34 

-•56 

— *o8 

4-06 

24*26 

19 

24*90*8 

i3*32-4 

53*27 

2873 

+  -14. 

—  08 

4-*o6 

2466 

23 

24*95*4 

13-28-7 

5375 

30*66 

+  1*07 

•08 

4-06 

24*14 

26 

25-53-8 

13*90-9 

5402 

2978 

—  -02 

—  08 

4-06 

24-20 

27 

24*55*9 

1 2-92-4 

5406 

29*92 

-f    08 

-.08 

4-06 

24-20 

28 

25-65*7 

1403*0 

54*11 

2973 

-06 

—  08 

4-06 

24-30 
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U.   8.   COAST  AND   GEODETIC   8UBVEY, 


GROUP  IV,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitu 

N, 

S. 

Mic, 

Level. 

Ref, 

Mer, 

1 891. 

L   d. 

t.    d. 

0     /       // 

'      f 

// 

// 

// 

0      / 

Aug.  20 

1377-2 

2396-7 

21    12   28-52 

+3  5651 

—  1*00 

+*o8 

-f*o6 

21    16  2 

22 

13080 

23-377 

28-88 

58-87 

—3-41 

-f-08 

-f-06 

2 

23 

I4-I67 

'24-36-0 

29-08 

5646 

-88 

-f-08 

-f*o6 

2 

25 

I3-66-3 

23-81-4 

29*52 

5549 

-  -50 

+  08 

-f-o6 

2 

29 

13731 

23-84-0 

30'4o 

54-51 

-1-39 

+-08 

-f-06 

2 

31 

I3-570 

2379-1 

3075 

57-11 

—2-84 

-I--08 

-fo6 

2 

Sept.   2 

I407-9 

24-16*8 

31-04 

5405 

—  -57 

4- -08 

-f*o6 

2 

6 

I3-657 

23-65-5 

3162 

5«-94 

+  -50 

+•08 

-f*o6 

2 

9 

I3-4I-4 

2349-7 

32-19 

53-91 

-1-58 

+•08, 

-f*o6 

2 

12 

1375-6 

23-77-8 

3273 

52*49 

— 1*02 

+•08 

-f*o6 

2 

15 

I4*25*l 

24-24-4 

33-14 

51-82 

—  -9* 

+  08 

-f*o6 

2 

19 

1 2-97-3 

23-00*  I 

33-60 

52-63 

—2*31 

+•08 

-f*o6 

2 

23 

13-66-8 

7.yt2'2. 

34*22 

50-92 

—1-47 

-f-o8 

4-06 

2 

26 

1377-4 

2373-9 

34-64 

51-17 

—  1-68 

-f-08 

-f-06 

2 

27 

1 3*95 -4 

2387-5 

3475 

50x5 

—1-16 

-f--o8 

+*o6 

2 

28 

13-69-7 

23-61-6 

3483 

50-11 

— 1-12 

4-08 

• 

-f*o6 

2 

r 

Oct    4 

14-77-1 

24-66*3 

35-28 

49-48 

--58 

-f--o8 

-f-o6 

2 

5 

1470-3 

24-57-6 

35-39 

49-04 

—  -39 

+  08 

-f-06 

2 

8 

14-25-7 

24-05-4 

35-74 

47-28 

+  -93 

+-08 

-f*o6 

2 

10 

14-63-7 

24-48'5 

35-93 

48*46 

—  -39 

-h-08 

-|-*o6 

2 

16 

15-28-3 

25*10-0 

36x9 

47-74 

—  -oi 

-f-08 

-f*o6 

2 

17 

14-59-7 

24*42-3 

3625 

47-95 

—  72 

-|--o8 

-^06 

2 

28 

13-70-4 

23*62-5 

3669 

5015 

— 2-42 

-f-06 

+*o6 

2 

30 

15-20-6 

25-12*1 

36-67 

5001 

—2-14 

-f-08 

+•06 

2 

3' 

15-22-8 

25-02-1 

36*68 

47-18 

-f    -12 

+  08 

+  06 

2 

Nov.    I 

I4-45-4 

24-33-7 

36*70 

49-27 

—1-88 

-f-08 

-f*o6 

2 

4 

I5-43-6 

25-17*4 

36*81 

45-91 

+  1-32 

-f-08 

-f*o6 

2 

6 

I4-59-8 

24-38-2 

3685 

46-97 

+  -55 

-f-o8 

+•06 

7 

14-24-8 

2405-8 

36-83 

47-58 

-  -59 

+*o8 

-f*o6 

12 

I4-37-6 

24-23-7 

36-61 

48*76 

—  -75 

-f-08 

-f*o8 

14 

I4*30*8 

24-05-2 

36-56 

4605 

-fi-15 

4- -08 

-f-06 

16 

I5-33-2 

25-23-0 

3655 

4962 

—2-73 

-f--o8 

-f*o6 

17 

14-26-2 

24.14-8 

3655 

4934 

—1-63 

-f*o8 

+  06 

2 
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ult8  from  observations  for   the  variation  of  latitude  at   Waikikiy 

Hawaiian  Islands. 


GROUP  IV,  PAIR  2. 


«te. 

.  Micrometer. 

Mean  app. 
Dec. 

Corrections. 

latitude. 

j\r. 

5: 

Mic. 

L^'e/.     R 

?/■- 

Mer, 

B9I. 

/.    d. 

/.    d. 

0     /       // 

/      // 

//           / 

/ 

// 

0      /       // 

tg.20 

28-84-5 

7-05*6 

21    24  50-15 

—8  25*47 

-1-39    - 

•16 

-f-o6 

21    16   23*19 

22 

28-58-5 

6*66*8 

50-52 

28*44 

+  I-IO     — 

H 

-f-o6 

23-10 

23 

29-20*2 

7-33-3 

50*72 

27-33 

06 

•16 

-fo6 

2323 

25 

29- 1 3*9 

7-3I-3 

51-16 

.     2633 

-93 

•16 

-f-o6 

23-80 

29 

29-15 -2 

7*21-6 

52-06 

28*88 

-h  -29    — 

•16 

-|--o6 

23-37 

31 

29-41-3 

7'SS'i 

5242 

27-16 

—  1*26    -- 

-16 

-fo6 

2390 

^L   2 

29-25-4 

7*3 1 -o 

52-70 

29-07 

+  -09    — 

•16 

+  06 

2362 

6 

2932-9 

7-357 

5330 

29-72 

+  -53    - 

•16 

-|-*o6 

24-01 

9 

2938-4 

7-387 

53-88 

3030 

-f-  -08    — 

16 

-f--o6 

23-56 

12 

28-67-6 

6-66*8 

S4-44 

30-55 

—  -67    — 

16 

+•06 

23-12 

15 

29-38-3 

7-41  3 

54-85 

29-67 

-1-58    - 

•20 

-t-04 

23-44 

19 

29*01*2 

7*01-5 

55-33 

30-30 

— »-93    — 

•16 

+  06 

23-00 

23 

28-13-8 

6*07*6 

55-97 

31-80 

—1*23    — 

16 

+-06 

22-84 

26 

29- 1 8-1 

7*14-9 

56-40 

31*11 

.-1-48     — 

-16 

-f-06 

23-71 

27 

29-01-7 

6-94*1 

56-51 

32-«3 

—1-40    — 

16 

-h-06 

22-88 

28 

29-50-3 

7-42*6 

56-60 

32*5 

—  -97    - 

16 

-fo6 

2338 

Oct   4 

29*46*2 

7-35-5 

57-07 

32-85 

—  '62    — 

13 

H--o6 

23-53 

5 

29*36-6 

724*9 

57-19 

3308 

-81 

•16 

-fo6 

23-20 

8 

29-24-3 

7-07*0 

5750 

34-38 

-f  -68    - 

.16 

4-06 

23-70 

10 

29-89-3 

7-73-3 

57-75 

34-08 

-h  -07    - 

16 

4-06 

23-64 

17 

29*72-8 

7-56-3 

58*09 

34-20 

—  -25    - 

24 

-I--08 

23-48 

28 

29*30-2 

7*19-2 

5858 

32-92 

—2*52    — 

•20 

+  04 

22-98 

30 

29*54-0 

7-44-7 

5857 

32-52 

—  1-98    — 

16 

-I--06 

2396 

„    31 

29*31-5 

7'ii-i 

58*58 

35-10 

+  -58    — 

16 

+  06 

23-96 

N«f.  I 

29*19-4 

7*o8-8 

58*61 

32-83 

—1-94    — ■ 

16 

-I--06 

23-74 

4 

2972*1 

7-44-3 

58-73 

36-82 

+  1-79    — ' 

20 

-f--04 

23-54 

6 

29*54-7 

7'34-4 

58-78 

3508 

—  -29    — • 

16 

-|--o6 

23-3 « 

7 

29*41-2 

7-24-5 

58-77 

34-24 

—1-03    — • 

24 

-J-08 

23-34 

10 

29*15*8 

6-98-3 

58-66 

34*43 

-  -57    — 

16 

H--06 

23-56 

12 

29*04*2 

6-84-5 

58-57 

34-94 

—  -55    -' 

16 

-fo8 

23-00 

M 

30*29*0 

8-07-0 

5853 

35-47 

-1-1*24    — • 

16 

+  08 

24-22 

15 

3000*9 

7*840 

5853 

3429 

•61 

26 

+•08 

23-45 

17 

30-847 

8*58*9 

58-53 

3635 

+  1*72    — • 

1 

16 

-f-o6 

23-80 

U.  8.   COAST  AND  GEODETIC  BUEVET. 
GROUP  IV,  PAIR  3. 


D... 

Men  .pp. 
Dec. 

Mictometor. 

"'"'™''"' 

UUurtt 

JV. 

S. 

Mil. 

Lnnl. 

Rtf. 

Jftr. 

1891. 

<.    rf. 

t.   d. 

fi 

Aug.  20 

■9'62'l 

'8-S4-8 

21   16  47- 14 

-02489 

+  -47 

+■05 

21  16  w 

'3 

20-460 

19-37-9 

47-75 

25-08 

+  -89 

+■05 

tV 

25 

ig-gSl 

i8'827 

4S-21 

26-77 

+  1-14 

+-OS 

29 

I97S-' 

.B'524 

4916 

38-46 

+  I-79 

+-05 

3' 

.964-8 

18-44-6 

49'SS 

27-88 

+  1-19 

+  ■05 

Sept.  2 

t9'82'9 

;|:S?:i 

49-88 

27-51 

+  -79 

—-01 

+-OS 

6 

19530 

50-5  = 

2951 

+  2-81 

—■01 

+  -05 

»3-' 

9 

19695 

i8'<i-J 

51-13 

2944 

+    -62 

—05 

+  ■04 

22- 

I972-S 

1 8-4 1 -6 

5 '73 

3037 

+  1-42 

+■05 

'S 

I9-93-S 

■8-&4'J 

5J» 

30-00 

+  -78 

—■01 

+•05 

T 

19 

19-So'O 

1*539 

52-73 

29-48 

-  -44 

+-05 

ii-i 

23 

Ig-gS-, 

'*sr4 

S3-40 

32- '3 

+  •■09 

+^S 

U'. 

26 

'9  32-5 

'7-9S-S 

53-89 

31-78 

+■05 

»y 

2^ 

19458 

i7-o9'5 

S4-'" 

3.-62 

+  -59 

+-OS 

13- 

,g.S4'2 

1 8- 1 2-8 

54- •» 

32-80 

+  '■53 

+  05 

Oct.    4 

2tro97 

19-672 

54-66 

3306 

+  184 

+•05 

»i- 

5 

i9'78-2 

i8'35'6 

54-78 

33-08 

+  -96 

+■05 

S 

I9-S*' 

I804-S 

55-'8 

34-70 

+2-48 

+-OS 

ir 

I9-650 

18-22-9 

SS40 

32-96 

+  -58 

+  -05 

n' 

"4 

I9-65-7 

1815-2 

55-Ss 

34-9  > 

+  2-20 

+  ■05 

16 

19-80-2 

I83I-0 

5576 

34-6" 

+  1-22 

—OS 

+  -04 

'9-93-' 

1849-0 

56' j8 

3343 

+   -44 

-■03 

+  ■05 

n 

28 

ia-27-8 

18-91-5 

5643 

31-62 

—  '93 

+  -06 

2J 

JO 

jooi-6 

18-61-3 

56-44 

3i'55 

-  -45 

+  05 

*3 

3" 

19-711 

18-16-2 

S(i4S 

3594 

+238 

+  ■05 

22 

Nov.    1 

19-822 

1 8-39-6 

56-48 

33-08 

-   -58 

+-OS 

i9'89-5 

.8-34-2 

56-63 

36'03 

+  ^■64 

—01 

+■05 

»3 

6 

I994-3 

■8-477 

56-70 

34-OI 

+  '47 

+  05 

»3 

7 

19-940 

I8-46-7 

5670 

3417 

+-03 

.9-88-3 

18-40-4 

56-62 

34-3 1 

+  -50 

+  05 

14 

ao'657 

(O-iJ-S 

5fiS' 

34-84 

+  1-68 

+-05 

17 

20-49-7 

19-oo-s 

S<''S3 

34-6. 

+.-., 

-■01 

+■05 

»; 
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Results  from  observations  for  the  variation  of  latitude  at  Waikikij 

Maicaiian  Islands, 

GROUP  IV,  PAIR  4, 


DiOC 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

1 

M 

S, 

Mic, 

Lrt'el, 

Kef. 

Afer. 

• 

1 

I89I. 

t,    d. 

t.    d. 

0      /       // 

/       // 

// 

// 

// 

0     /       // 

Aiig.ao 

14*26*9 

2155*5 

21  13  35*54 

-f i  4902 

-  "55 

+-C5    -f-o6 

21    16   2412 

23 

14*66*6 

21*92*3 

3613 

4835 

—   23 

-f-05 

-\  -06 

24-36 

«5 

i5-i6*6 

22.37.3 

36.58 

4719 

-f    10 

-fos 

4-06 

2398 

29 

14-05*6 

21*21*2 

37*51 

46-01 

+  -44 

+-05  1  -f-o6 

2407 

„     31 

13*64*9 

20*84*8 

37*89 

4701 

-  -65 

-f*o5 

-f*o6 

2436 

Sept  2 

I4-27-I 

21*42*9 

38*21 

46-06 

-    23 

-f-os 

4-06 

24-15 

9 

14.58-4 

2172*9 

39*43 

45*75 

—  1-32 

+  05 

4-06 

23*97 

12 

1476*0 

2i-8o*3 

40*02 

43*39 

-h  *58 

+•05 

4*06 

24*10 

»5 

13*86*4 

20*91*4 

40*49 

4355 

-    18 

-|-OI 

-+-05 

2392 

* 

19 

15.03*0 

2210*2 

41*00 

4406 

—  1*07 

+•05 

4-06 

24- 10 

23 

14*24-5 

21*24-6 

41*67 

42-41 

-    38 

+•05 

4-06 

23-81 

26 

14*69*9 

21-68*5 

42-16 

42-06 

-  IZ 

-f-05 

4-06 

24*00 

27 

13*82*0 

20-81*0 

42*29 

42*16 

—    '20 

-I-05 

-f-06 

24*36 

28 

1477*5 

21*72*9 

4239 

41-32 

—    -26 

-f*o5 

4-*o6 

2356 

Oct/  4 

1517*6 

22*08*2 

42*92 

40*21 

-f  -86 

+*o5 

4-06 

24-10 

5 

14*52*9 

21  •45*5 

43*04 

40*67 

-f  *o8 

-f*o5 

4-06 

23-90 

1 

8 

15*01*4 

21-87*1 

43*44 

3907 

-1  118 

-f-05 

4-06 

23-80 

1 

U 

15-21*1 

22*04*6 

43*94 

3856 

f-i*23 

+  05 

4  06 

2384 

; 

16 

15*96-6 

21-80-5 

4405 

3866 

-f  1*02 

+*o5 

4-06 

2384 

1 

1 

22 

1502*7 

21*89*9 

4458 

3942 

*oo 

+  05 

4-06 

24-11 

r 

28 

15-02-2 

21*92*4 

44*75 

40-12 

-*84 

-i -05 

4-06 

2414 

30 

14*27*0 

2116*5 

44*77 

3995 

-  -42 

-f-09 

-f*oS 

24*44 

»     31 

X4-57-9 

2 1  •34-5 

44.79 

36-96      I-2-2I 

H--05 

4-06 

24*07 

Not.  I 

15*02*2 

21*89-5 

44*83 

39*44 

-    -55 

+-05 

4-06 

2383 

4 

14.94.2 

21*81*7 

44.98 

39*49 

-  -68 

+  05 

4*06 

23*90 

i 

6 

I5-55-6 

22*38*1 

45*06 

38-33 

-f  i*i8 

+•05 

4-06 

24*6^ 

7 

1479-4 

21*65*7 

45*07 

3921 

—  -76 

-f*OI 

4-05 

2358 

10 

14*592 

21*43*1 

45*02 

3866 

—  -41 

-h*o5 

4-06 

23*38 

14 

I5-59-8 

22*39*2 

44*93 

37-61 

-h  *86 

-f--oi 

+  05 

23.46 

15 

16*24*6 

23*01*7 

44*94 

3708 

-I-I-39 

-f-05 

-f*o6 

23-52 

1 

17 

16*14*0 

2298*2 

44*97 

3872 

-f-    18 

+  •05 

4-06 

23*98 
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U.  6.  COAST  AND  GEODETIC  SURVEY. 
GROUP  IV,  PAIR  5. 


Date. 

Mic  rometcr. 

Mean  ap{). 
Dec. 

Corrections. 

I^atitude. 

iV. 

S, 

Mic, 

LneL 

lie/. 

Men 

189I. 

/.     d. 

t.  d. 

0      /      // 

/       // 

// 

// 

// 

0      /       // 

Aug.  20 

25  •460 

I2-78-2 

21    21    20*33 

-4  54-11 

—1-56 

—  08 

+  05 

21    16  24-63 

23 

25-6J-2 

12-85-3 

20-94 

56-45 

■\-    30 

—  08 

+-05 

24-76 

25 

25-80-2 

1300-9 

21*41 

56-78 

-08 

—  08 

+-05 

2452 

29 

2576-5 

12*90-2 

22-39 

58-40 

-f  -46 

—  08 

-f-05 

2442 

3» 

2,187 

I3-38-9 

22'8l 

57-06'  —  -90 

-08 

-fo5 

24-82 

Sept.  2 

26-230 

13-42-9 

2314 

56-96. — i-ii 

-08 

4. -OS 

25-04 

6 

25-91 -6 

12-98-6 

2381 

5996 ;  +  -50 

—  08 

4- -05 

24-32 

9 

25-92-4 

13*09-5 

2443 

57-61 

—2*12 

*o8 

+-05 

24*67 

12 

25  •74*4 

12*78-5 

2507 

1     6063 

+  -49 

-08 

4-05 

2490 

15 

25 -45 -3 

12-53-9 

2558 

59-59 

—1-74 

—  08 

+-05 

24*22 

23 

26-40-2 

13-40-6 

26-86 

-5  o«-49 

— 1*22 

—  08 

-I--05 

24*12 

26 

25-78-8 

12-78-2 

27-38 

01-72 

-1-45 

•08 

-f-o5 

24*18 

28 

25'20*5 

12*16-4 

27-64 

02-53 

-  -50 

-08 

-f--o5 

24-58 

Oct.    4 

26-40-4 

*3-32-3 

28-24 

03-46 

4-  -25 

~-o8 

+  05 

25  00 

5 

2624-3 

13*17-2 

28-37 

0323 

—  -43 

-08 

4-05 

24-68 

8 

25-89-4 

12*73*2 

28-81 

0534 

+I-II 

—  08 

+  05 

24-55 

10 

2605-7 

12-94-9 

29-07 

04-09 

—  32 

-08 

+  05 

24*63 

16 

25*40-6 

12-25*1 

29-52 

05-18 

-f  -45 

—  08 

4-05 

2476 

22 

25-63-2 

12-49-5 

30-12 

04*76 

— 1-22 

-05 

-I--07 

24-16 

28 

25-594 

12-51-7 

3038 

03-37 

— 1-92 

-08 

H-os 

25-06 

30 

25-5I-I 

12-41 'O 

3042 

03*92 

— 1  77 

-08 

4-05 

2470 

31 

26-28-1 

13*01*2 

3C-45 

0782 

4-173 

-08 

-fos 

24-33 

Nov.   I 

26-72-8 

13*62*5 

3049 

0397 

—1-79 

08 

+  05 

2470 

4 

25-703 

12-48-7 

30-68 

0659 

-f  -28 

08 

4-05 

24-34 

6 

25-798 

12-60-3 

3079 

06-10 

—  -24 

—  08 

-f-05 

24-42 

7 

25-537 

12*39-3 

30-81 

04-92 

— 1-42 

*o8 

4-05 

24-44 

»3 

26-21-2 

13-06-0 

3074 

05-11 

— i-oo 

08 

4-05 

,      24-60 

14 

2646-7 

'3-257 

3075 

06-45 

+    19 

—•08 

-f-05 

24*46 

•      17 

2723-6 

14-07-6 

30-82 

05-29       -67 

•08 

4-05 

24-83 
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Reiutti  from  observations  for  the  variation  of  latitude  at   Waikikij 

Hawaiian  Islands. 


GROUP  IV,  PAIR  6. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

a: 

5. 

MiiT.         Lrtrl. 

/^ef. 

Mer. 

1891. 

/.    d. 

A     </. 

0     /      // 

/      //            // 

// 

0      /        // 

Aug.  20 

10*06*2 

26*23*0 

21    10  10*18 

-f6  15-07  i— 1-41 

4-*ii 

4-07 

21    16  24*02 

23 

io*30-9 

26*35  0 

10-75 

12-13 

-f-  -88 

4--II 

4-07 

23-94 

25 

10*16*8 

26*21*2 

11*20 

12-20 

-1-  -50 

4--n 

4-07 

24-08 

^9 

10*77*4 

26767 

12*13 

II'OI 

4-  -26 

1*11 

-I- -07 

2358 

3> 

10*76*0 

26-75*1 

"-53 

io*97 

-r  -55 

4--II 

.fo7 

2*23 

Sept   2 

10*53*0 

26-56-5 

12-86 

11-99   — 1-25 

4--II 

4-07 

2378 

6 

10*66*9 

26-584 

1348 

09-20  4-116 

-I--II 

]  -07 

2402 

9 

ll'04'i 

27*060 

14-06 

11*62  —208 

-h-ii 

-j-07 

23*78 

12 

10*78*8 

26-69-6 

14-68 

09-04 

-f    '02 

+-11 

-f-07 

23.92 

15 

10*26-5 

26*13*8 

15*18 

08-23   -j-  '13 

4*11 

-!  07 

23*72 

19 

10-51 '3 

26*42-6 

1571 

09-16    -1-55 

H--U 

-1  07 

23*50 

23 

10-577 

26-30*3 

1 6*39 

04*82   4-2-49 

4--11 

-} -07 

23-88 

26 

10*11*4 

25-98*7 

16-90 

08-231-1-80 

4-II 

-1-07 

235 » 

27 

10-51*4 

26*31-5 

17*04 

06-56 '  -    34 

f--ii 

1  07 

2344 

28 

9*92-2 

25-69*3 

17-16 

05*86 

•18 

4-07 

4-05 

22-96 

Oct    4 

10*69*8 

26*45*1 

»773 

05*45 

4-  '33 

U  II 

-I- -07 

23-69 

i 

10-75*1 

26-52-9 

17-86 

06-03 

4-  -12 

4--II 

4-07 

24-19 

io*57*8 

26*26-3 

18*29 

03-87 

4-1*17 

-r-il 

4-07 

23-51 

10 

977'5 

25-54-3 

18-54 

0579 

—  -59 

f  II 

4-07 

23-92 

16 

10-90-4 

26*54*4 

19-00 

0282 

-}-i-i8 

-{    11 

-1-07 

23-18 

22 

10-75*0 

26*45*0 

19*61 

04*22 

-    65 

-f-13 

+  07 

23-38 

28 

10-53-0 

26-24*2 

19*90 

04-49    -174 

4--II 

4-07 

2283 

30 

10*24*2 

25-99*1 

19*94 

05-35    -1-45 

4--I1 

-fo7 

24-02 

31 

■|o*8o*o 

26*377 

19*97 

01-36;    I-2-I2 

-r-15 

+  05 

23-65 

Nov.  I 

10-36*5 

26*12*4 

20*02 

05-58  j    -2-26 

-fii 

4-07 

2352 

4 

IO-88-5 

26-5 1 '2 

20*22 

0252       i-    -38 

-h-ii 

1-07 

23-30 

6   1073-6 

26*38-3 

20*35 

02-99 

-1-  -22 

4- II 

-fo7 

2374 

10   10*62*6 

26*280 

20-40 

03- '5 

—  '97 

4--11 

-;  07 

22*76 

12    10*38*5 

26*06*0 

2037 

0364 

-1-34 

4--IX 

4-07 

22-85 

13 

ii*347 

26*99*4 

20-38 

02-99 

-f    13 

-f*ii 

4-*o7 

2368 

14 

I2*44*5 

2806-3 

2038 

02-31 

+  107 

4--n 

-f-07 

2394 

17 

12*25-3 

27*88-6 

20-48 

02*66 

4-   -12 

-f-ii 

4- -07 

2344 
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U.   S.    COAST   AND   GEODETIC   8UBVEV. 


GROUP  IV.  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N. 

5. 

f 

Mic, 

LevtL     Ri 

/: 

Mer. 

1891. 

t.      d. 

/.     d. 

0     /      // 

/      // 

ft          / 

/ 

ff 

0     /       // 

Aug.  20   25 •46-6 

I2'22*7 

21   21  ^-86 

— 5  07*12 

-i-Si     - 

•10 

-fo6 

21   16  24*19 

23 

25IO-6 

ir77'i 

33*43 

0935 

-h  *35     — 

JO 

+  •06 

24*39^^ 

a4*79^ 

25 

25-59-4 

I2-27*5 

33*87 

08-98 

•06 

JO 

4- -06 

29 

25  •96-5 

12-568 

3482 

10-79 

+  -31     — 

14 

-f-04 

2424 

31 

25  67 -4 

12-24*9 

35*24 

11*44 

-f  *47     - 

10 

+•06 

24*23 

Sept.    2 

25  •84-4 

i2-5i'7 

35*57 

09-17 

—1-54     — 

10 

-{-•06 

24*82 

6 

25-80-3 

12*34-5 

36*21 

12*21 

-f  -42     — 

10 

+06 

24*38 

9 

26-06-9 

12-66-2 

36*81 

11-02 

—1*05     — • 

JO 

-f.06 

2470 

12 

25'69-5 

I2-2I-7 

37*43 

12-67 

60 

JO 

4- -06 

24-12 

15 

2578-8 

12*30-1 

3796 

12-88 

—   60     — 

10 

4- -06 

24*44 

19 

25-665 

12-23-4 

3852 

11*58 

—2-06     — • 

10 

4- -06 

24*84 

23 

25*42-8 

11*81-4 

39*22 

15*82 

+  -96     — 

10 

+06 

24*32  ' 

26 

25297 

1176-4 

•    39*75 

13*95 

—1*42     — - 

10 

4- 06 

24*34 

27 

2564-9 

12-09-4 

39*91 

14-46 

-  -95     — ' 

H 

-[-•04 

2440 

28 

25*26-3 

11-67-1 

40-03 

"5-31 

—   28     — ' 

10 

4-*o6 

24-40 

Oct     4 

26-07*1 

12-44-2 

40-65 

1617 

-I-  -04     — ' 

10 

4- -06 

2448 

5 

26*II'0 

12-45-0 

4078 

16*89 

-f  -45     — 

10 

-{-•06 

24-30 

8 

26*23-5 

12-55-2 

41-23 

17-43 

-h  *S4     - 

10 

+06 

24-60 

10 

25-69*5 

1208-4 

41*51 

15*76 

—   99     — ' 

10 

-I- -06 

2472  1 

16   25-36*9 

11-65-4 

42-04 

1817 

+  -59     — 

10 

-f-o6 

24-42  1 

22 

25-84*4 

I2-I6-8 

42-70 

17*26  — 1-42     — • 

10 

4- -06 

23*98 

28 

25-80-2 

12-15*1 

43*07 

16-68 

-2-51     - 

06 

-f*04 

23-86 

30 

26-475 

12-81-1 

43*12 

16-98 

— 1-40     — 

10 

-^*o6 

24*70 

31 

26-14-7 

12-31*8 

43*«6 

20-81 

-fi-8o     — ■ 

10 

+•06 

24*11 

Nov.     I  1  2605 -8 

12*43*9 

43-22 

15-94 

—2-53     — 

10 

4-06 

24-71 

4 

26-453 

1271*3 

43-45 

1875 

-h  -14     — 

10 

4- 06 

24*80 

6 

26-07-2 

i2-34'5 

43-61 

18-44 

—  -45     - 

10 

-}-*o6 

.       24-68 

7 

25  •93-5 

1 2-24- 1 

43-66 

17-68 

1-88 

12 

+•06 

24*04 

.  12 

^5*88-2 

12-16-2 

43-71 

18-28 

—1*56     — 

16 

-f*o8 

23*79 

13 

26-24-1 

12-478 

4372 

19-28 

—  -26     — 

10 

-|-*o6 

24-14 

14 

26-89*8 

I3i3'8 

4374 

19-21 

•00     — 

10 

-I--06 

24*49 

17 

27 -45  4 

13717 

4387 

18-68'       -56 

10 

1--06 

2459 
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BesuUs  from  obaervatiana  for  the  variation  of  latitude  at    Waikikij 

Hawaiian  Islands. 


GROUP  IV,  PAIR  8. 


DKte. 

K^crometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

A^. 

S, 

MU, 

Level. 

Ref. 

Mer. 

1891. 

r.    </. 

t,     d. 

0       /      // 

/      // 

// 

// 

// 

0     /        // 

Aug.  20 

i5*52-6 

2345  I 

21    13  21-66 

-f3  03-85 

—  I-2I 

+-05 

+  05 

21    16  24*40 

23 

i5'i8-8 

23-00*6 

22-24 

01-37 

*oo 

+-05 

H-05 

2371 

25 

i5*6o7 

23-40-1 

22-70 

00-8I 

+  -12 

+  05 

-I--05 

23-73 

29 

I5-93-3 

23'64-3 

23-67 

+2  58-86 

+  *8i 

4- -05 

+  05 

23*44 

31 

I4-830 

22-507 

24*12 

58-10 

+  -19 

-f  01 

4-04 

22-46 

Sept.    2 

I5-36-9 

23-14-8 

2447 

6046 

—  I-2I 

+•05 

4-05 

2382 

6 

1 5  •54*3 

23*22.5 

25«3 

58-21 

-f    -50 

+  •05 

4  05 

2394 

9 

1 5  67 -9 

23-32-8 

2574 

57*45 

-|-    -20 

+-05 

-fo5 

2349 

12 

I5I7-8 

22-826 

26-40 

57*42 

—     20 

-f-05 

f '05 

23-72 

«S 

I5-23-6- 

22-88*7 

26-95 

57*49 

—  I-I7 

+•05 

4-05 

2337 

19 

i6-02'5 

23*66-1 

27*54 

57-14 

— 1-70 

-J--05 

4-05 

23-08 

23 

15-687 

23-21-5 

28*25 

54-64 

+     85 

-f-05 

+  05 

2384 

26 

1 5  •28-0 

22-84-7 

28-81 

55*54 

—1*13 

-f-05 

+  05 

23-32 

27 

I4-3I-9 

21-87-2 

2898 

55*22 

--65 

-f-05 

4-05 

23-65 

28 

I5-4I-9 

22-94*4 

29-11 

54-57 

•34 

+  05 

-fo5 

23-44 

Oct.     4 

1576-3 

23-26-1 

29-7(6 

53*94 

f  -09 

-f-05 

4-05 

2389 

5 

15-957 

23-42-3 

29-90 

5320 

-h   40 

-f-o5 

-f-o5 

23-60 

8 

I5-47-9 

22-92*1 

3037 

52-64 

-h  *53 

-f--o5 

4-05 

2364 

16 

I4-85-4 

22*26-7 

3»-23 

51-97 

+  -52 

-1-05 

-f-05 

2382 

22 

I5-550 

23*04*2 

31-90 

53-80 

—171 

-j-05 

4-05 

24-09 

28 

I5-66-I 

23*15*9 

32-31 

53*94 

— 2-8l 

+  05 

H-05 

2354 

30 

I5-63-9 

23-08-6 

32-37 

52-76 

— 1-67 

+  05 

4-05 

23-56 

31 

I5-66-4 

22-97-1 

32-42 

49*5 » 

+2-19 

H--05 

4-05 

24-22 

Ncnr.    I 

I7-630 

2510-8 

3247 

53-27 

—2-17 

-f-05 

4-05 

23'67 

4 

I5-59-5 

22-95-9 

3271 

50-83 

-  -46 

+  05 

4-05 

2318 

6 

15*69-0 

2303*4 

32-88 

5037 

+  *43 

fo5 

4-05 

23*78 

7 

I5-29-4 

2271-3 

3293 

52-11 

— 220 

4-05 

4-07 

2296 

;: 

15*20*2 

22*61*5 

zyoi 

51-97 

— 1-41 

-f-o5 

4-05 

23-67  , 

i5*66-i 

23-039 

33-02 

51-16 

+  *44 

+-05 

4- -05 

2472 

'2 

i6'iO'9 

23-42-5 

3304 

49*72 

-1-    60 

f.05 

4-05 

23-46 

I* 

7 

i6*89*9 

23-30-0 

33-18 

51-69 

—I  03 

+•05 

4-05 

2394 

1 
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U.    8.   COAST   AND   (iKODETIC    SURVEY. 


GROUP  V.  PAIR  I. 


Date. 

M  icrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N, 

S, 

Mic. 

LrveL 

Ref, 

Afer, 

1 891. 

/.      d. 

/.     d. 

0     /      // 

/      // 

// 

// 

// 

0      /       //       ^ 

Oct.      4 

19.45.8 

20.01.3 

21    16  09*44 

4-0  12-88 

+  1-54 

•00 

4-06 

21    16  23-92 

5 

18.96-9 

19-537 

0957 

13-18    -f-l-OI 

•00 

+-06 

23-82  / 

8 

19.51.5 

2005.7 

I0'02 

12-57 

-f-i-49 

•00 

4-06 

24-14  1 

16 

»9-43-9 

I9-93-3 

10-98 

11-46 

+1-45 

•00 

4-06 

23-95 

30 

19.72.8 

2025.3 

12-29 

12-18   —1-26 

-00 

4-06 

23-27 

31 

19.90.3 

20-27  5 

12-34 

0863   +305 

•00 

4- -06 

2408  ' 

Nov.    I 

17.90-2 

18-42.3 

12-39 

12-09 

—   86 

•00 

+■06 

23-68 

6 

17.92-6 

1840-3 

12-88 

11.07 

-00 

•00 

4- -06 

24-01 

12 

i8i3-4 

1860-8 

13-20 

1 1. 00 

—    "22 

.—08 

4--IO 

24-00 

13 

18-33-2 

1975-8 

13*24 

988   -f-  .91 

•00 

4-06 

24-09 

14 

18.09-2 

18-477 

13-27 

893    4-1-66 

•00 

4-06 

23-92 

17 

I8.97.6 

19.41 -7 

13-44 

10-23  i  -1-0-53 

-00 

4- .06 

2426 

19 

1870.6 

19-09-4 

13-60 

9-00+1-31 

•00 

4^06 

2397 

21 

i874-o 

19.17-5 

1371 

10-09  4*  62 

-08 

4-10 

2444 

23 

19.12.6 

19.42-6 

13-76 

696 

4-3-06 

-00 

4-06 

2384 

30 

18-80.3 

1927-5 

13-76 

10-95    —  -99 

-00 

4-06 

2378 

Dec.    5 

i8'94-5 

X9-35* 

13-96 

09-42    -f    24 

•00 

+-06 

23-68 

10   I9-37-2 

19-82-9 

13-86 

io.6o 

—    -29 

-00 

4-06 

24-23 

12 

18-89.3 

I9-34-4 

13-81 

10.46 

-  -39 

-00 

{  06 

23*94 

13 

I9-33-2 

19-75-6 

13-82 

0984 !  -h   -^2 

-00 

4-06 

24-04 

15 

i8-43'4 

18-78-7 

13-84 

0S-19    4-1-91 

-00 

4-06 

24-00 

17 

i8-48o 

18-83.4 

13-88 

08-21    4-1-71 

•00 

4-06 

23^ 

21 

I7-94-8 

18-32-2 

13-76 

08-68 

4-1-84 

00 

+  06 

2434 

23 

I8-64-0 

19-03-6 

13-63 

09-19 

-fo-88 

—  04 

4-04 

23-70 

24 

I8-59-5 

18-98-8 

13-57 

09-12 

4-0-59 

•00 

4-06 

2334 

25 

I8-69-5 

1907-4 

1350 

0879 

4.1-51 

•00 

4-06 

23-86 

26 

1 8-88-4 

19-341 

13-46 

10-60 

—    03 

-00 

-  -06 

2409 

27 

18-63-5 

I916-5 

13-42 

0998 

+  -36 

—•02 

-f-06 

2380 

29 

I8-35-5 

18-68-4 

13-40 

0763 

4-2-80 

•00 

4-06 

23-89 

30 

18-440 

18-85-8 

1338 

09-70 

4-  -62 

-00 

4.06 

23*76 

1892. 

Jan.      I 

18-74-2 

19-16-8 

13-34 

0988 

+  -31 

~-io 

-{-•10 

2353 
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R^i^U  from  observations  for  the  varmtion  of  Mittide  at  Waikikiy 

Hawaiian  Islands. 

GROUP  V.  PAIR  2. 


XXte. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude^ 

A^. 

S. 

Mic, 

Level. 

Ref, 

Mer. 

ZS9I. 

/.    ^. 

t.    d. 

0     /       // 

/      // 

// 

// 

// 

■0     /      // 

Oct.    4 

28-48'4 

10*96*6 

21    23   09*66 

—6  46.39 

+  -83 

—  12 

-I-06 

21    16   24*04 

5 

28-547 

10-96*7 

09.78 

47*83 

-f  2*01 

—  -12 

4-06 

2390 

8 

28*69*0 

ii*ii<5 

10-26 

47*71 

+  177 

— -10 

+  -05 

24-27 

i^ 

29*36*i 

11-71-0 

11-28 

5048 

+2*72 

— -12 

4-06 

23-46 

28 

29-l2'3 

11-53.1 

12-57 

48-11 

—    -03 

—  12 

4-06 

2437 

30 

29-09' I 

1 1-47-8 

12-66 

48-60 

+    -04 

—  •12 

4-06 

24-04 

31 

28*66*2 

10.92-3 

1272 

51*52 

+310 

—  •12 

4-06 

2424 

No?.  1 

2876-3 

II-I2-2 

12-78 

49-24 

-I-     60 

—  *12 

4-06 

2408 

^ 

2873-4 

11*08-1 

13-06 

49-52 

+    -36 

—•12 

4-06 

2384 

^ 

29-86*3 

I2-2I-0 

13-28 

49.52 

-|-     06 

— *I2 

4-06 

2376 

1           '3 

28-92-2 

11-23-8 

13-46 

5024 

4-   *28 

—  12 

4  06 

23-44 

14 

2980-1 

12-06-1 

J3-70 

51-54 

+  '78 

—    12 

4-06 

23-88 

'7 

2963-7 

II-94-2 

13-88 

50-50 

+  -53 

—  16 

4-04 

2379 

19 

29*42-5 

1 1.70-2 

14-04 

5115 

+  103 

— *12 

4-06 

2386 

'          21 

3018*8 

12-584 

14-16 

4839 

—1*97 

—-12 

4-06 

2374 

23 

29*11*8 

"I  •34-5 

14-22 

52*31 

+  1-94 

—  -12 

4-06 

23-79 

^     30 

29-03-3 

"•35-4 

14-22 

50*13 

-    67 

— *12 

4- -06 

2336 

Dec.  5 

28*66*6 

10-99-8 

i4-43 

49-87 

—    52 

—  •12 

4-06 

2398 

6 

28-21*6 

10-56- 1 

14.44 

49-57 

—1-23 

—•12 

4- -06 

2358 

9 

29-02*2 

U*37*^ 

14-38 

50.48 

+  .•25 

— *12 

4-06 

2409 

10 

29-33*5 

11-72-1 

14-34 

4862 

—  1*46 

—•10 

4-06 

2422 

12 

28*89-0 

11-24-2 

14-30 

49-41 

—  I -06 

— -12 

4-*o6 

2377 

'3 

28*49*7 

10-81*5 

14-30 

50*20 

—  -oi 

— -12 

4- -06 

2403 

15 

29*81-8 

12-07-0 

14-32 

51-73 

-hi*i7 

—-12 

4-06 

23-70 

17 

28*345 

10-62-9 

1436 

5098 

4    -68 

—  12 

4-06 

2400 

19 

28*42*8 

10-63-1 

14-34 

52-86 

+2*19 

—  11 

+  03 

2359 

21 

29*44*5 

"73-4 

14-25 

50-87 

+  -67 

— *I2 

4-06 

23-99 

23 

2900-7 

U-317 

14-11 

50*38 

+  -57 

— *12 

4- -06 

2424 

/         ^ 

28*91-6 

11-23*2 

14-05 

50*24 

-f    29 

—  11 

4-06 

24*04 

25 

29-26-2 

"•57-5 

13-98 

50*31 

+  -47 

—•12 

4-*o6 

24*08 

26 

29*66*0 

11-99*2 

1394 

49-87 

4-  -08 

—  12 

4-06 

24*09 

27 

28*60*6 

10*91*1 

13-89 

50-50 

—  -24 

— *12 

4- -06 

23*09 

28 

28*62*1 

10*94*3 

13-88 

50- 10 

4-    *I2 

— *12 

4-06 

2384 

29 

28*23-4 

10*50*0 

13-86 

51*40 

-f-106 

—-12 

4-06 

2346 

.    30 

29-28*9 

11*62-0 

13-84 

49-89 

-f-  -05 

— -12 

4-06 

2394 

1892. 

Jan.     I 

28-97-0 

11-29-0 

13*81 

50*15 

+  36 

— -12 

4- -02 

23-92 

5 

28*58-6  10*95-9 

1354 

4892 

■V   03 

—•12 

4- -06 

24*59 
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U.    8.   COAST   AND   OEODKTIC   8UBVET. 


GROUP  V,  PAIR  3. 


Date. 

1 
Micrometer. 

Memn  app. 
D«c. 

Corrections. 

^      Utit 

1 

N. 

fif. 

MU. 

Lez'el. 

By. 

Men 

r89i. 

t.   d. 

/.    d. 

0     /      // 

/      // 

// 

// 

0    / 

Ocl.    4 

2281 -2 

1706-8 

21    18  37-36 

—2    I3-.25 

+  -38 

—  04 

-f -05    21   16 

5 

2307-6 

17.29-5 

3748 

I4II 

-fi-30 

—•04 

-fo5 

8 

22-56-4 

16751 

37-94 

1485 

+  1-38 

—  04 

+•05 

16 

2I-89-3 

I6-09-9 

3896 

i4-4< 

+0-41 

—•04 

+•05 

22 

22-32-4 

16-457 

39-66 

16-10 

-f  1-22 

—-00 

4. -04 

30 

23-06-1 

17-22-8 

40-35 

»5-32 

+  -15 

—•04 

+•05 

31 

22-640 

16-78-2 

4040 

15-90 

-1-  -06 

—  04 

+•05 

m 

Nov.    I 

2274-9 

16-91-0 

40-46 

15-46 

—   27 

—  04 

+•05 

4 

2232-0 

I6-49-3 

4074 

15-18 

-   83 

—  04 

+•05 

6 

22-747 

16-865 

40-97 

16-45 

+  -13 

—•04 

+  05 

12 

22-8I-5 

16-95-0 

41-34 

i6-o6 

— -  -21 

—•06 

4-05 

>3 

22-33-I 

16-41-1 

41-37 

17-34 

-I-I-43 

—  04 

-fo5 

14 

23-27-3 

17-32-6 

41-40 

17-96 

-1-1 -40 

—  04 

+•05 

17 

2277-5 

16-86-6 

41-60 

1708 

+  '24 

—  04 

+•05 

19 

22-79-0 

16-83-6 

41  76 

1812 

-j-i-io 

-08 

-f-04 

21 

2303-7 

I7-22-4 

4189 

14-85 

—2-34 

—  04 

+  05 

23 

23-i6'9 

17-23-2 

41-96 

«7-73 

-fl-06 

-04 

-f-05 

^      ^° 

21 -83-5 

I5-93-9 

41-99 

16-78 

-  -39 

-04 

+  05 

Dec.    5 

22-67-5 

1 6-7 1 -8 

42-22 

18-19 

+  -41 

—  04 

-f-05 

9 

2207-2 

16-16-2 

42-20 

17-10 

— -  -oi 

•04 

-f-05 

10 

22-357 

16-47-1 

42-17 

16-55 

-  77 

-04 

4-05 

12 

22-433 

16-56-9 

4214 

i6-o4 

—  -71 

-  04 

-fo5 

13 

22-20-8 

16-29-6 

4214 

17-15 

—    19 

_-04 

-+-•05 

15 

22-92-5 

16-96-8 

42-16 

1819 

-hi-o8 

-04 

-U05 

17 

22-26-7 

16-31-5 

42-22 

18-08 

+  -81 

—  04 

-h-05 

21 

22*2I'I 

16-27-2 

4216 

17-78 

+  -30 

-04 

-+-•05 

23 

22-43-8 

16-49-5 

4204 

17-87 

-f-i-08 

— -04 

+  05 

24 

22-57-5 

16-63-3 

4197 

17-85 

-f  -61 

-04 

-h-05 

25 

22-27-1 

16-328 

41  90 

17-87 

-f    98 

—  04 

-I--05 

26 

2201-5 

16-14-1 

41-86 

16-27 

—  -47 

—  04 

-f-05 

29 

22-81-4    I6-85-8 

41-82 

1817 

H    -99 

—  04 

-f-05 

30 

22-56-9    1665-4 

4182 

17-22 

-f  -07 

—  04 

-f-05 

1892. 

Jan.     2 

23-18-0 

17-30*3 

41-76 

16-34 

+    -OQ 

—  12 

-f-o6 

5 

22-51-9 

16  705 

41-58 

14-88 

— i-i6 

—  04 

+•05 
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iuUs  from  ohMervationsfar  the  variation  of  latitude  at^  Waikikij 

Mawaiian  Islands. 


GROUP  V,  PAIR  4, 


3ate. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N. 

8. 

Mu, 

Level, 

Ref.      Mer, 

891. 

/.   ^. 

t,     d. 

0      /      // 

/      // 

// 

f/        ff 

0     /       // 

*.    4 

7787 

29-33*1 

21  08  04*32 

-f  8  1979 

-  -53 

+ 

•15    4-06 

21    16   23-79 

5 

7.927 

29*42*8 

04-44 

i8*79 

-h  -32 

-f 

•15    4-06 

2376 

8 

8.772 

30-26-3 

0488 

18*56 

T-   -41 

-f 

15    4-06 

24*06 

30 

7-897 

29-34-5 

•    0720 

1756 

—1*30 

+ 

•15    4-06 

2367 

31 

7877 

29-32*3 

07*26 

1751 

-"•34 

-f 

•15    -f  06 

23*64 

OV.    I 

7  •92-2 

29*41-0 

07-30 

18*49 

— I  42 

+ 

•15    4--06 

2458 

4 

8-09-3 

29-52-7 

07*58 
07*80 

1724 

—  I-2I 

-f 

15    +06 

23*82 

6 

7-80-2 

29*25*1 

17-58 

—  1*48 

+ 

15    4-06 

24*11 

13 

8-OI-8 

29*34*8 

08-21 

14-82 

-h     30 

4- 

15    4-06 

23-54 

H 

8-36- 1 

29-69*3 

0825 

•     14-87 

-H  -76 

4- 

15    4-06 

24*09 

17 

5'3i'i 

29-69*2 

0844 

i6-oi 

-  .59 

-f- 

15    4-06 

24*07 

19 

878-8 

30-13*9 

08*60 

15-31 

•16 

1 

17    405 

2397 

21 

8*84-6 

30-33-6 

08*74 

18*54 

-3-29 

-f 

15     -4   06 

2420 

23 

*1§*9 

30-18-2 

0882 

14-66 

+  -11 

+ 

15       1   06 

23*80 

30 

7-88-4 

29-31-4 

o8*88 

1714 

—2-27 

+ 

•15    H  06 

2396 

>ec  5 

8*09-0 

29*46-0 

09*14 

15-75 

—  1*22 

-f 

•15     i  06 

2388 

6 

8-27-4 

29*65*3 

09*16 

15*96 

—  1-30 

-i- 

•12!    vo6 

2400 

9 

8*40*0 

29-80*8 

0914 

16*63 

—I  79 

-1- 

•15  '  -+  -06 

24*19 

10 

7*67*5 

29*12*7 

09*12 

17*65 

—2-39 

-4- 

17    4-05 

24-60 

12 

7-37-3 

28*82*1 

0909 

17*56 

—2*42 

-f 

15    -I-06 

24*44 

"5 

7757 

29-08-6 

09*14 

1480 

—  -27 

+ 

■15!    1-06 

2388 

19 

8-33-3 

29*61*1 

09*22 

13*62 

4-     81 

4- 

II     -t  06 

23*82 

21 

8-29-7 

29-623 

09*19 

H-73 

—  -49 

+ 

15    4  06 

23*64 

23 

7-96*8 

29-31*9 

09*08 

i5-3> 

—  -72 

-h 

15    4-06 

23-88 

25 

9*57-3 

29*963 

08*97 

l6'22 

—1-54 

+ 

15    4  06 

23-86 

26 

8- 14-3 

29-53-3 

08*93 

l6-22 

—'  »3 

4- 

15    4-06 

24*23 

29 

8-23-2 

29-58*6 

08*91 

1538 

—  -26 

4- 

17    4-05 

2425 

0  30 

8-53-6 

29-95*7 

08*92 

16*94 

—1*56 

4-' 

15    4-06 

24*51 

1892. 

rt^  5 

8-32-1 

2977.7 

08-74 

'7-75 

1*88 

+• 

II    4-04 

24*76 
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U.   S.   COiVST   AND   GEODETIC   SURVEY. 


GROUP  V,  PAIR  5. 


Date. 

Micrometer. 

Meanapp. 
Dec. 

Correctiona. 

Latitad 

N. 

S. 

Afic. 

LewL 

Ref. 

Mer, 

1891. 

t      d. 

/.    d. 

0      /     // 

/      // 

// 

// 

if 

0     f 

Oct.    4 

25-447 

14877 

21   20  2933 

—4  05-21 

-  -68 

—•08 

-f-o6 

21   16  2: 

5 

2477-2 

i4-i5*o 

29*44 

06-41 

+  -69 

—08 

-f-o6 

2- 

8 

25-30-6 

1 4-67 '9 

2988 

06*53 

+  -53 

—08 

4-06 

2: 

16 

2^'ty2 

14030 

30*84 

0595 

—  -49 

•08 

+•06 

2i 

28 

25-63-3 

14-997 

3209 

0674 

—1-80 

-•08 

+•06 

2- 

• 

30 

24.97-3 

i4*32-3 

32-18 

07*06 

—  -96 

-08 

+•06 

%i 

31 

25177 

14-537 

3223 

0683 

—1-46 

•08 

+•06 

K 

Nov.   I 

24*99*2 

i4*27-8 

32-28 

08*55 

-f-  -09 

—•08 

+•06 

a: 

4 

25. 14*5 

I4-45-2 

32*54 

0806 

-    72 

—•08 

+•06 

2' 

* 

6 

25  76*5 

1 5  05 -8 

3277 

0839 

-  -59 

—•08 

+  •06 

2: 

"3 

25  06' 2 

14*287 

3318 

0996 

-f  -42 

-:o8 

4- -06 

2 

• 

14 

25*6i-3 

I4'84'2 

33-22 

09*87 

+    56 

— t8 

4--06 

2' 

* 

17 

25*880 

15095 

3340 

10*20 

+    94 

-•08 

+  06 

2a 

19 

25-94*5 

15127 

33-57 

'  10*96 

-fi-45 

•08 

-fo6 

2* 

21 

25-45« 

14*80*1 

3372 

07-06 

-2*39 

—•08 

-1  06 

2i 

23 

25*49-8 

1471*9 

3380 

10-06  \  -f    48 

--08 

1-06 

2i 

30 

26*03-5  :  i5'30-o 

33-86 

09-04 

—1*40 

-•08 

-fo6 

2; 

Dec.    I 

25*29-5 

14*42*9 

33-9" 

12-07 

+2*04 

—•08 

-I--06 

2; 

5 

25.37*0 

14*63*0 

3414 

09-15 

~i*i7 

— -16 

+•08 

2] 

6 

25  •330 

14*60*2 

3416 

18-87 

—  1*28 

-08 

-fo6 

2" 

9 

25-11*1 

I4-38I 

3416 

08*92 

-1-54 

-•08 

-h-o6 

2; 

10 

25-48*1 

1471-3 

3414 

09-80 

—  -37 

-08 

+  •06 

2] 

12 

24-68*8 

»3'990 

3412 

o8*i8 

1*66 

—  08 

+•06 

2] 

15 

25-93*6 

15116 

3417 

1 1 -01 

+  -69 

-08 

"{--06 

2 

• 

>9 

24-98*7 

14*15*1 

3427 

11*38 

-fi*i6 

•08 

-f--o6 

2* 

21 

25-26*4 

14-48*5 

34*24 

1006 

—    32 

—  08 

4-06 

2- 

23 

25-37-9 

14*61*5 

34*14 

0971 

-    85 

-08 

-f--o6 

2] 

24 

25-70*2 

i4*92-6 

34*  10 

09*99 

—    24 

08 

-}--o6 

2] 

25 

26-04*8 

15*28-8 

34-04 

09-62 

-06 

-08 

4-06 

2] 

26 

25*61*2 

14*86*4 

34-OI 

0934 

—  -45 

-08 

4- -06 

24 

29 

25057 

I4-25-3 

33*99 

10-64 

4-  -92 

-08 

f-06 

2i 

30 

25*989 

15-20*8 

3400 

10-10 

—  -55 

-08 

4-06 

2' 

• 

1892. 

Jan.     5 

25  •36*0 

14-66-3 

33*88 

08-15 

— 1*12 

-08 

+•06 

24 
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ResuUi  Jrom  observations  for  the  variation  of  latitude  at  Waikikiy 

Hawaiian  Islands. 


GROUP  V,  PAIR  6. 


Due. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

latitude. 

j\r. 

S, 

Mic. 

Ln>el. 

Kef. 

Mer, 

1891. 

t    d. 

t,  d. 

0      /     // 

/       // 

ff 

// 

// 

0      /       // 

Oct    4 

I6-96-8 

22*28*7 

21    14  2074 

4-2  03.39 

—  -55 

4  03 

-f-05 

21   16  23-66 

5 

1 6-63 -o 

21*92*5 

2085 

02-84 

—   06 

+  03 

^-•o5l 

2371 

8 

I6-85-2 

22*09*4 

2127 

01-61 

-f  -84 

4  03 

—  -05 

2380 

16 

16*99-2 

22*23*7 

22-25 

01 -68 

— 106 

-}--03 

4-05 

22-95 

28 

I7'32'5  i  22-57*i 

2350 

01  70 

—2-92 

-f-03 

4-05 

23*26 

30 

I6-54-9 

21*77*6 

2359 

01*26 

—1*53 

-1  03 

4-05 

23-40 

31 

16*61-3 

21-83*8 

2364 

01-21 

-1-63 

n-03 

1-05 

2330 

N'OY.    I 

16-55-9 

21  73*3 

2370 

00*03 

—  '}^Z 

+  03 

4- -05 

2348 

4 

17*19-8 

22*39' I 

23-96 

6o-47 

—  -97 

+  03 

-I-05 

2354 

,               6 

i6-83*2 

22-00-8 

2418 

0008 

-100 

4  03 

-f*o5 

2334 

'3 

17*21*0 

22*35*5 

2462 

+  1  5936 

f-  *i8 

4-03 

4*05 

24-24 

14 

17-66-6 

22*76*3 

24*65 

5824 

-h  71 

+  03 

4-05 

23-68 

17 

17*877 

23*00*7 

2484 

59-01 

—  -12 

4-03 

4- -05 

23-81 

19 

I7-53I 

22*6l*7 

25  00 

57*99 

-f  75 

-fo3 

105 

23*82 

I            21 

17*68*6 

22-84-9 

25-16 

59*77 

1-33 

+  03 

4-05 

23-68 

I           ^3 

17*66*3 

22*77*2 

25-26 

58*52 

•00 

4  03 

f-05 

23-86 

\rx^^ 

1 7 -05 -8 

22-21-0 

2532 

5952   —1-53 

T  03 

!    05 

23-39 

\l>ec.  I 

i7'530 

2255-8 

2538 

5664    -f  I  53 

4-03 

-r05 

2363 

\           ^ 

17*02-7 

22*19-9 

25-64 

59-98 ;  —2-10 

.4- -03 

f  05 

2360 

9 

16-84*2 

22-OI*7 

25-65 

6005    — ''74 

4-0.^ 

4  05 

24-04 

10 

16-55*4 

21-69-6 

2563 

5929    -    98 

f  03 

4*05 

24-02 

12 

16*13-9 

21-21-5 

25-62 

57-76 

|-    -22 

-    03 

4- 05 

23*68 

'5 

16*52*3 

21*62*6 

25 -66 

58-3ii 

-    -46 

4-03 

1-05 

23-66 

»9 

16-94*9 

22*020 

2579 

5764 

+  -'7 

+  05 

-:..o5 

23*70 

21 

I7-25-8 

22*39*8 

2578 

59-24 

—  -95 

4-03 

f  05 

24*15 

23 

17*10*9 

22*27*1 

2570 

59-75     -I-2I 

4-03 

1  05 

24-32 

24 

17*04*2 

22*14*0 

25*64 

58-27 !  —  -33 

4  03 

r  05 

23-66 

25 

16-85*8 

22*03*4 

25-59 

6008 ;  —2-00 

4  03 

f-05 

2375 

26 

16*82*6 

21*95-7 

2550 

•59*03  —1*13 

f-03 

I.  05 

23-48 

39 

16*87*1 

21-96-3 

2554 

58*13 

•23 

f03 

f-05 

23-52 

i     0    30 

l6*23'2 

21*38-8 

25*56 

5961 

— 116 

f03 

-1-05 

2409 

1892. 

1 

L 

Jan.     s 

i6-9S*8 

22*l6*7 

2546 

60-84 

1-86 

4-03 

4-05 

2452 

108 


U.    8.   COAST  AND   GEODETIC   SUUVET. 


GROUP  V,  PAIR  7. 


Date. 

Micrometer. 

Meanapp. 
Dec 

Corrections. 

Latituc 

N, 

5. 

AUc. 

Level, 

Ref. 

Mer, 

189I. 

/.    </. 

/.    d. 

0     /       // 

/      // 

// 

// 

// 

0     / 

Oct.    4 

l3'4lo 

25-77-0 

21  II  37-IO 

H-4  4673 

H-  -09 

-f-08 

+  05 

21    16   2 

5 

13-387 

2574-4 

3720 

46-66 

-h  -55 

-f-08 

+  -05 

2. 

8 

I3-54  0 

25-87-5 

37-60 

4615 

+  -38 

-I--08 

+  •05 

2, 

16 

I3-42-8 

25-74-6 

38-55 

45-76 

—  72 

-f -08 

+  •05 

2 

30 

1374-8 

26*02-2 

3984 

4474 

-  05 

-f-08 

+•05 

2. 

31 

13-657 

25*968 

39-88 

45-60 

—1*19 

-f-08 

-fo5 

X 

Nov.    I 

I3-59-6 

25*80-7 

3992 

4328 

+  -51 

4- -10 

-f-05 

2 

4 

13*450 

25*72*2 

4017 

4469 

—  -49 

-h-08 

+•05 

X 

6 

I3-8I-8 

26*07-9 

40-40 

4444 

-  -37 

+  08 

+-05 

X 

14 

1409*8 

26-28-0 

4086 

42*60 

+    96 

+•08 

-f-06 

X 

17 

I4I9-3 

26-40-0 

41-04 

43-18 

—  -20 

-i--o8 

-f-05 

X 

19 

14*11-9 

26-308 

41-20 

4277 

4-    *22 

-f -lo 

+•05 

X 

21 

i4-43« 

26-57*3 

4136 

41-68    -1-  -64 

-1  08 

-f-05 

2. 

23  i  M'54-2 

2669-2 

4146 

41*86  ;-f.  71 

f-08 

-05 

X 

30 

I373« 

25-97.9 

41-54 

44-14  — 1-17 

-f  08 

f  06 

X 

Dec.    I 

I4I7-4 

26-30-2 

41-58 

41-35   +«-35 

-f-08 

-f-05 

X 

5 

13-406 

25-62-5 

41-84 

4346: -1-47 

-j -06 

-f-05 

2. 

9 

I3-3I-8 

2559-7 

41-90 

44-86  J— 1-92 

-f--o8 

+  05 

2. 

ID 

13410 

2563-9 

41-88 

43701—1-46 

-fo8 

-f-05 

X 

12 

13-S9-2 

2576*6 

41-87 

4242    -f-    04 

I-08 

-f*o5 

2. 

15 

12-988 

25-12-1 

4193 

41-47 

4-  -65 

-f--o8 

-f-o5 

2. 

17 

I3-54-5 

25737 

42-02 

42-84 

—  -40 

-f  08 

-ho5 

2. 

19 

13-28-2 

25-477 

42-08 

42-91 

-  50 

H-oS 

-f-05 

2 

21 

13-52-9 

25-725 

4208 

42-93 

—  70 

-f-08 

4-05 

2. 

23 

13-24-6 

25-41-3 

42*01 

42-26 

-f-  -04 

-f-08 

-f-05 

X 

24 

I3-300 

2547-3 

41  96 

42-40 

—  -34 

4--I2 

-f--04 

2. 

25 

13-26-9 

25-49-7 

41  92 

43-67 

-1-15 

-I-08 

-f-05 

2. 

26 

13-66-0 

2585-3 

41-89 

42-86 

—  -88 

-f-08 

H--05 

2. 

29 

i3'5i-3 

2569-3 

41-90 

4256 

-  75 

-I--I6 

-I--05 

2 

30 

13-56-0 

25-77-4 

41-92 

43-35 

-80 

-f--o8 

-f-05 

X 

1892. 

Jan.    5 

I3-53-6 

2575-5 

41*88 

4346 

—1.04 

-f*o8 

+•05 

X 

EEPORT  FOB  1892 — PAET  11.  109 

Re»ult»  from  obaavati6ng  for  the  variaiwn  of  latitude  at    Vfaikiki, 
JlauraiiaH  Jslandi. 

GROUP  V,  PAIR  8. 


'    nku. 

.Mi.,o,«,„. 

M«n.pp. 

C<.r,..„„„.. 

L.iitude. 

; 

jV. 

s. 

Ml. 

/.rry/. 

H-r/. 

-w*-. 

I89I. 

!•.   -f. 

1.  J. 

Oct    4 

19-96-9 

I74II 

21   17   23-47 

-0  59-32 

20 

4- 

OS 

21   .6  23  98 

S 

10'10*4 

.7  ■76-6 

23-56 

56-56 

"J 

+ 

05 

24-01 

8 

2.73-6 

1909-7 

»3-95 

+ 

73 

f 

OS 

33'49 

16 

2.-897 

i9-3»8 

24-8M 

0  59-60 

83 

f 

OS 

2448 

30 

Ji'S87 

18.91-9 

26-14 

-1  01-89 

56 

05 

2J-72 

3' 

"54-5 

18-90-1 

26-18 

01-31 

37 

f 

OS 

33S3 

Nov.   1 

"■757 

19025 

26-22 

ons 

+ 

Si 

OS 

23-68 

4 

2SI8-9 

19-51-9 

2646 

01-94 

67 

+ 

05 

23-88 

6 

12-19-0 

1962-5 

26-68 

01-82 

93 

+ 

OS 

2396 

'3 

ziit-3 

18-6J-8 

27-11 

03-22 

06 

+■04 

23'88 

>4 

22.7,9 

19-96-6 

27-14 

04-10 

+ 

71 

+■05 

3378 

<7 

22-47-; 

1978-5 

2731 

02-45 

56 

-f-05 

34-33 

>9 

w-58-3 

1911-3 

27-48 

04-26 

+ 

61 

+ 

OS 

2386 

II'QO'I 

2lM 

04-SS 

+ 

?< 

+ 

OS 

24'0O 

aj 

M9'-8 

ao>i3-6 

2775 

0454 

+  1 

OS 

02 

+ 

05 

24-29 

Dec.   6 

1170-* 

19.01 -9 

28- r8 

—I  0224 

86 

+ 

OS 

24-11 

9 

«65  6 

18-97 -2 

28-21 

02-26 

77 

+ 

05 

24-21 

22-61-3 

19-915 

28-20 

02-57 

52 

+ 

OS 

24-14 

«-8o-3 

19-08-9 

2818 

0296 

79 

OS 

34-46 

"S 

21731 

'8-94-3 

2S-25 

04-44 

— 

+ 

05 

2372 

>7 

22-44-6 

19-69-1 

28-34 

03-91 

26 

+ 

OS 

3420 

•9 

22-07- 1 

19-31-8 

28-40 

03.87 

-f 

05 

34-48 

22-00-5 

19-JJ6 

28-43 

0424 

— 

37 

+ 

OS 

23-85 

*3 

22-43-a 

19-6^-2 

3836 

03-56 

57 

+ 

05 

34-36 

34 

11-71-5 

18-97:1 

28-32 

03-63 

92 

+ 

23-77 

"S 

22-27 -4 

19-54' 

28-28 

03-40 

+ 

05 

3389 

36 

21-88S 

19- 16- 1 

2825 

0319 

73 

+  ■05 

2436 

ig 

2,-507 

18-87-6 

28-26 

01-04 

95 

+  -OJ 

34  JO 

30 

22-17-5 

194S-8 

2829 

03.03 

-128 

+■05 

34-01 

1S93. 

J.n.     S 

2I70-I 

I896-3 

28-28 

03-52 

-  -56 

-•02 

+■05 

"" 

U.  S.   COAST  AN1>  GEODETIC   BUBVET. 
GROUP  VI,  tAlR  1.     • 


Ditc. 

Micromelei. 

"T«""'- 

Coiteclioos. 

Latitude.      1 

i8gl. 

A-. 

S. 

.  ,  „ 

MU. 

£«»/. 

V- 

Mer. 

.  ,    , J 

Nor.  19 

25-.Z-2 

1415-2 

21  10  37'28 

-4  14-49 

+     -62 

-■OS 

+--06 

21    16   14-39 

2476-6 

13-78- « 

37-42 

14-84 

+2-76 

—-08 

4- -06 

25-32   ■■ 

30 

1474-8 

13-88-S 

37'S4 

-  '51 

—  08 

+  06 

25  00  1 

Dec.    I 

24-01  ■& 

13-02-6 

37-56 

14-95 

+  2-37 

-■08 

+  ■06 

24-96 

5 

2399-1 

'3'"'3 

3779 

12-35 

-  -54 

--08 

1--06 

14-S8 

9 

tno-A 

37-90 

-■89 

—  08 

+  06 

2498 

24S'S 

\\^\ 

.i7-S9 

I3-0J    -.14 

-08 

i--o6 

2*66 

24-69-1 

13-74-9 

37-86 

13-84,+  -40 

--oS 

T-06 

14-40 

'S 

IS02-9 

14.09-D 

37-90 

1377    +  -74 

—■08 

+■06 

44-85 

"9 

24-77-2 

13-79-7 

38-08 

14-60  M-  -52 

--08 

4--06 

M98 

23 

24-49-1 

13-58-1 

l^-^\ 

i3-'o;—  -35 

-■08 

f-o6 

24-67 

24 

25-06-9 

14-09-8 

38-.2 

14-51  1+1-03 

-08 

+  06 

H62 

as 

I4-18-0 

13-15-5 

38-09 

13-44!+  -34 

---18 

+  ■17 

»4-9»l 

36 

24-51-0 

13-57-9 

3S-06 

13-58    -  -06 

--08 

+  06 

24-40  \ 

19 

24-7S-4 

13-93-3 

38-09 

11-73    -"6 

-■08 

J- -06 

aS-'8  • 

30 

15-28-S 

i4-4«-8 

38-u 

12-33 

—1-14 

+  ■05 

MS8; 

1891.^ 

IS  ■01' 

! 

J«l.   1 

i4-47'2 

i3-47'9 

38*30 

+  1'48 

-■08 

+  ■06 

14-74 

6 

24-96-9 

13S6-0 

38-28 

17-71 

+3-5S 

—  08 

+  ■06 

24-10 

2581-7 

14-80-0 

38-19 

15-58 

f2l6 

-06 

*475 

24-24-6 

i3-30'3 

38-.0 

13-S2 

+  -84 

-■08 

-06 

25-10 

24-20-6 

13-29-6 

38-23 

13-10 

+  -30 

—-08 

+  06 

25  40  i 

15 

24-46-0 

13-49-6 

38-32 

'435 

+  "■35 

+  ■06 

25-30  1 

16 

24-I8-6 

13-23-7 

38-36 

I4'i3 

+  -32 

-■OS 

+  06 

»4-43 

18 

2.v8rS 

12-82-4 

38-36 

14-97 

+  '59 

—■08,    |--o6 

»4-96 

24-16-S 

13.6-2 

38-30 

1525 

+  1-51 

--oSl   +-06 

2454 

23-93'a 

12-8S-9 

38-26 

16-SS 

f3-l9 

—08  1  +-06 

»4SS  '' 

23 

23-84. 

1 2-69-1 

38- :  8 

iS-66 

+5-31 

—■08'  +-06 

24-81  , 

H 

24-16-9 

i3-"-7 

.3S-.7 

'3-79 

-f  -60 

--08      :  -06 

24-96 

*S 

23-96-0 

13-01-4 

38-16 

«3-93 

+  '-15 

— oS     i--o9 

25-39 

27 

13-87-9 

1299-2 

38-21 

I2-S6 

—  -JO 

—-08 

-f-o6 

»5-43 

Feb.    3 

24-48-7 

135' 0 

.38-19 

14-65 

+  1-52 

--08 

+  -06 

25-04 

2421-6 

13-22-3 

38-14 

15-02 

+  1-92 

--08 

+  -06 

25-0? 

6 

24-4S-S 

13-38-2 

38-06 

16-SS 

+3-54 

— -oS 

+  ■06 

24-70 

8 

2J-9S-6 

12-96-9 

38-04 

14-8S 

—08 

+  -06 

«5-36 

24-84-2 

13-80-5 

38-09 

1604 

X2-88 

-■08 

+  ■06 

24-91 

24-00-6 

13-02-3 

38-10 

14-79 

+  2-23 

—-08 

+-06 

2552 

'3 

24-K'-7 

13-22S 

38-09 

'4-7J 

+  '■34 

—-08 

+-06 

2464 

14 

24-3 1-9 

13-30-0 

38-08 

15-62 

+2-92 

--08 

+  06 

25-36 

REPORT  FOB  1893 — PART  II. 


Results  from  obserrationa  for  the   rariation  of  latitude  at  WaikUctf 
Hawaiian  Islajtds. 


CROUP  VI,  PAIR  a 


Dilc, 

Mic.™««. 

""d"«'^'*- 

Cor«.-ao„,. 

l^alioide. 

M 

S. 

Mic. 

Lfvd. 

Rtf. 

Mrr. 

1891. 

t.  d. 

t,     d. 

Nov.  li 

S-og-j 

JO- 18-5 

21  07  50-22 

+8  32-50 

+  1-47 

+ 

4- 

OS 

21  16  24-38 

3° 

7-89-4 

3007-1 

50-30 

34*47 

-1-27 

4- 

-1- 

05 

23-69 

Dec    5 

8-48'0 

30-64-8 

S0-S4 

34-^6 

--87 

+ 

+ 

05 

24-12 

9 

8«-6 

jo-61-9 

50-63 

3461 

—1-84 

+ 

4- 

OS 

2359 

8064 

30-197 

50-62 

33-45 

-  -45 

4- 

+ 

■05 

23-81 

776-6 

I9-869 

50-58 

32-76 

+  -07 

4- 

°5 

23-60 

■  S 

8-OI-6 

30-110 

50-60 

3232 

+  -33 

4- 

OS 

23-44 

23 

S-oSi 

30-20-4 

SO-84 

33-22 

-■96 

\- 

4- 

05 

2329 

26 

7-6V7 

^97'f3 

So-74 

33-29 

—  -42 

+ 

4- 

OS 

2380 

2S 

7-962 

3009-7 

5074 

33-50 

-    59 

4- 

OS 

2384 

»    '■? 

7 -Bog 

29-968 

50-76 

34-06 

-1-17 

4- 

05 

23-S4 

189a. 

J«.    s 

7S9-3 

29-96-6 

50-96 

32-08 

4-  -51 

+ 

4- 

OS 

23-74 

8i4'S 

30262 

50-94 

30-76 

-pi -47 

+ 

4- 

OS 

2336 

84'J 

3047-1 

5085 

3' 71 

+   -73 

+ 

4- 

OS 

23-48 

7-334 

29-405 

50-86 

32-01 

-1-  -56 

4- 

OS 

23-62 

7^85 

29-43-9 

5088 

33  94 

~i  r3 

+ 

4- 

05 

23-B8 

7-I33 

19-19-1 

SOW 

3'7l 

+  -ss 

4 

OS 

23-46 

6'93-5 

2904-7 

5102 

32-96 

-  -il 

f- 

OS 

23-84 

7  73-9 

29-82-4 

5' 03 

32-34 

+  ;36 

-1- 

OS 

2392 

7600 

19-68-6 

Si-oo 

32-36 

4- 

07 

23-56 

7-485 

29-59-7 

50-97 

32-96 

-  -84 

-1- 

OS 

23-28 

7-89-7 

1992s 

5093 

3102 

-M-95 

-i- 

4- 

^S 

24-09 

7-IS9 

29-21-9 

50-86 

3>-76 

-1-1 -34 

-1- 

4- 

OS 

241s 

29-42-7 

SO-84 

33-75 

-  ;93 

4- 

4- 

OS 

238s 

776-5 

29-96-3 

50-89 

3S-68 

4- 

05 

24-65 

Fd).    I 

2980-9 

50-9-1 

31  39 

+  I-SI 

•+ 

4- 

04 

24-06 

7 '41 -7 

19-46-6 

So-94 

31-50 

-f  I-3" 

4- 

4- 

OS 

23-94 

7-39-a 

29-485 

50-84 

32-52 

+  -S7 

4- 

4- 

05 

24- » 

876-3 
8-0S-8 

29-84-3 
301 S -8 

5077 

32-23 

+  -99 

4- 

4- 

05 

24-18 

SO-7S 

32-69 

+  -6j 

4- 

4- 

OS 

24-26 

7-6»7 

29-d8-2 

50-82 

31-64 

•f.Si 

4- 

4- 

05 

24-16 

7S4-0 

29-63-a 

So-83 

3250 

4-1-16 

4- 

4- 

07 

34-68 

898-8 

30-07-1 

50-83 

32-29 

+    -21 

4- 

4- 

05 

23-52 

7»-9 

29'33-5 

50-83 

33-29 

-  -35 

4- 

4- 

05 

23-96 

7-a9-8 

29-41-8 

SOS3 

3315 

+  -55 

4- 

4- 

OS 

24-42 

69S-9 

29-084 

5052 

33-27 

—  -03 

4- 

4- 

05 

23-9S 

6657 

1875-8 

50-50 

3271 

+  -62 

+ 

+ 

■05 

24-03 

^3 

7-411 

^■59-. 

5051 

34-57 

-  -9' 

4- 

+-OS 

24-36 

112 


U.  8.   C0A8T  AND  GEODETIC  SURVEY. 


GROUP  VI,  PAIR  3. 


Date. 

Micromete  r. 

Meaitapp. 
Dec. 

Corrections.    ' 

Latitui 

N. 

s. 

Afic, 

Level, 

Re/, 

Mer, 

1891. 

/.     d. 

/.     d. 

0     /       // 

/      // 

ff 

// 

// 

0     / 

Nov.  19   23-03-6 

15*67*5 

21    19   13*16 

—2  5076 

+  -89 

-05 

4-*o6 

21    16   2 

21 

22-6o*4 

15*26*1 

13*27 

5035 

+    65 

-05 

+•06 

2] 

30 

22S37 

15*26*3 

13-32 

4875 

+1*28 

-05 

+*o6 

2] 

Dec.    I 

23-60-0 

16*24-8 

13-32 

5055 

—05 

•-f*o6 

2] 

5 

22*10*1 

14*82*3 

13-52 

48*84 

-•64 

-05 

4-06 

2* 

9 

2r86*5 

14*64*6 

13*62 

47-47 

—1*99 

-05 

-f*o6 

2* 

10 

21*76*0 

H-53-3 

13*60 

4765 

—1*76 

-05 

-f*o6 

2^ 

12 

22-26*4 

14*96-2 

13-56 

49-39 

+  -23 

—  05 

-h*o6 

2i 

15 

21-68*7 

14*32*6 

13-57 

50*76 

4-  -62 

-05 

+•06 

2- 

19 

21*84*0 

14*51*2 

13-74 

50*00 

+  -25 

— -05 

-h-os 

2] 

23 

21*46-8 

I4-I4-3 

13-82 

49*93 

+  -19 

—-05 

+*o6 

2U 

26 

21-44-6 

1416-3 

13-74 

4895 

-  -98 

-05 

-f*o6 

2; 

28 

21*59-8 

14*29*9 

13-74 

4933 

-  69 

—  05 

-f-*o6 

2] 

29 

21-97-6 

1472-3 

13-76 

4826 

—1-49 

-05 

+  06 

Zi 

30 

21-67*1 

H-39-3 

1379 

48*84 

—1-25 

-05 

-f*o6 

2; 

1892. 

Jan.     5 

22*49*6 

15103 

14*00 

5>-5> 

-h   -82 

—•05 

-|-*o6 

2; 

6 

2237.3 

iS'Oi^ 

13-99 

50-65 

-h  -45 

—  05 

4- -06 

2] 

10 

22I5-5 

I474-9 

13-91 

51-81 

+  1*79 

-05 

-|-*o6 

2- 

II 

21*10*1 

13*74-6 

13-93 

50*62   +    56 

-05 

4- -06 

2] 

12 

2I-2I-5 
2I>20*8 

13*960 

13-95 

48-26  — I- 10 

-05 

4-06 

2. 

15 

I3-85-4 

1408 

50*60 

+  -87 

—  05 

+•06 

2^ 

18 

21*57*0 

I4-23-3 

14-15 

50*21 

+  -14 

-05 

4-06 

Zt 

19 

21*78*5 

14.446 

14-13 

5025 

—  -29 

—  05 

4- -06 

2' 

20 

21*11*2 

13-857 

14*12 

483 « 

—212 

-05 

4-06 

2] 

21 

21*59*3 

14*19*8 

1408 

5>-55 

-f-I*02 

-05 

1-06 

2] 

23 

21*21*6 

13-80*2 

14*02 

51*99 

-f-2*IO 

-05 

4  06 

24 

24 

21*05*7 

13-81*0 

14*02 

48-12 

—1*99 

—  05     -^-06 

2 

25 

20*72*4 

i4-47-> 

14*02 

4826 

— 2-IO 

--•05  :  4-06 

2* 

% 

27 

20*92*6 

12*69*7 

14-08 

4770 

— 2*02 

-05;  +06 

24 

Feb.    3 

2i-37'4 

14*00*2 

I418 

51-02 

+    -76 

-  -05  ,  -f-*o6 

2 

4 

21*58*0 

14*21-9 

14-14 

50-76 

-r  -69 

•05    -{-•06 

24 

6 

21*36*0 

1402-3 

1408 

50-21 

-h  -24 

-05 

4-06 

24 

8 

21*23-5 

I3*89» 

14*08 

50-37 

4-  26 

—05 

4-06 

2' 

12 

20*64*0 

i3'34-5 

1420 

4923 

—    97 

-05 

4-06 

2i 

13 

21*18*9 

13-856 

14*21 

50-11 

-    50 

-05 

4- -06 

2 

14 

20*547 

13-19-6 

14-22 

50-53 

—    *02 

-05 

4-06 

2 

21 

21  25*3 
21*22*8 

i3'94-9 

14-00 

49-44 

—  -43 

-05 

4-06 

2^ 

22 

13-91-2 

14*00 

4972 

—  -17 

—  05 

4- -06 

2d 

23 

20*87*2 

13*56*6 

14*02 

4949 

—  -97 

--•05 

4- -06 

2 
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Results  from   observationH  for  the  variation  of  latitude  at    Waikikiy 

Ha  ica  iian  Isla  n  tltt. 

OROIT  VI,  PAIR  4. 


I 

Date. 

Micrometer. 

.Mean  anp. 
Dec. 

('orrcili* 

)ns. 

Av/: 

Mtr. 

latitude. 

! 
M          S. 

Mic.       1  Lcvi'L 

1    1 891.     1     /.  tf.        t.  li. 

0     /     // 

/      //            // 

// 

// 

0     /        // 

Nov.  19!  I4  70J  !  23  172 

21     13   07  12 

+3  »6-5i     ;-   -37 

f-08 

^   06 

21    16   24-14 

21    15-93*5    24-36-8 

0722 

I5<^3"   r  -99 

4-05 

I    05 

23-94 

Dec.    I    14020   22-44-3 

07  24 

15-40          ;-l     12 

T     05 

-r    05 

2386 

5    14- 10-3   22-60-8 

07  40 

1730     -1-23 

-r-o5 

-05 

2357 

9 ;  »3-98-5  ;  22-48-9 

0749 

17-28,      1-33 

-:-o5 

-05 

2354 

12:  141 1  3   22594 

07-42 

1675;—    29 

r-07 

:    05 

24-00 

15    I4-85I    23-30-4 

07-41 

i6-io  i  -1-   -44 

-.  -05 

-05 

2405 

19   1473-2   23I5-5 

0756 

1540    -}-   -16 

-;    -09 

r05 

23  26 

23    14-02-4    22-49-4 

0769 

16  49  1  -    28 

4-05 

-.  05 

24  00   1 

26    I3-90-8    22-40'9 

0754 

17-21    —109 

-r-05 

4-05 

m^ 

28    i4-6i-9,23i3i 

0752 

17-46         -90 

-r-o5 

-{-•05 

24-18 

29    '4'55'8   22o8-3 

0755 

1777    — r6o 

4-05 

-r-05 

2382 

30   I5-30-8   2281  7 

0758 

1740   —117 

-r-05 

-r05 

23-91 

1892.    ! 

1 

Jab.     5  !  I5-25-3  1  23-67-8 

0778 

1545 

4-     50 

4-05 

-r05 

2383 

6  ,  I4-94-8  :  23-36-2 

0776 

1519 

+  -35 

-f-o5 

•  05 

23-40 

10   15050 

23-48-3 

07 -66 

15-631+  -03 

-!--o8 

-05 

2345 

II  '  I3-93I  '22-39I 

0768 

16-26  1  -f-    12 

r-o5 

--•06 

24*  1 7 

i2Ji405-3|22-57-3 

0770 

17-65  '  -108 

4  05 

-f-05 

24-37 

i8;i407-8   22-53-5 

0789 

16-19'        -00 

4-05 

I- 05 

24-18 

19  ;  14-20-0 

22-66-6 

07-87 

16-401  —  -51 

I-05 

-L-.05 

2386 

20 

1411-5 

22-63-1 

0784 

>7-56j— 1-35 

+  05 

4-05 

24-15 

21 

I3-93' 

2238-3 

07  82 

1607 !  -f    06 

i-05 

4-05 

24-05 

23 

I3-84-6 

2224-0 

0776 

14-731+1-28 

t   05 

4-05 

23-87 

24 

1379-6 

22-305 

077s 

17-401  — 1-67 

i-05 

4-05 

2358 

25 

I3-46-3 

2296-6 

0775 

17-26 

—  1-39 

T    -05 

-i-05 

23-72 

27 

I3-5I-8   22o8-2 

07  80 

18-67 

—2-35 

r05 

4  05 

24*22 

Feb.    3 

13168 

21-56-2 

07  90 

14-73   4-  -81 

-05 

-f-o5 

2354 

4 

1 3  •450 

21-86-3 

0786 

15-17'+  -88 

-r05 

4-05 

2401 

.6 

13-63-6 

22-06-9 

07-7Q 

1563    4-    67 

4-05 

4-05 

24-19 

8  i  14-02-9 

22-44-5 

07-78 

15-24    4-    30 

+  05 

4- -05 

23-42 

II ;  1388-2 

22-25-2 

0788 

14-17    4-1-65 

+  05 

4-05 

23-80 

12,1376-5 

22-26-2 

0790 

17-12 

— i-ii 

4-05 

-i-05 

24-oj 

i3;>3-56-5 

22-00-3 

07-92 

15-75 

4-  -06 

4-05 

t  05 

2383 

14 

1294*8 

21-42-1 

07  92 

16-56 

—  -22 

-i-05 

r-05 

24-36 

20 

1401-3 

22-47-6 

07-72 

^^'Zl 

--    20 

-i-05 

.05 

2395 

21 

I3-97-6 

22-47-8 

07  70 

17-23 

—    93 

4-05 

-i-05 

24-10 

22 

I3-26-6 

21-74-4 

0770 

16-68 

-  -35 

f-05 

;  05 

2413 

23 

I378-8 

1 

22-238 

07-72 

16-03 

-  -61 

4- -05 

4  05 

23-24 

S 

.  £x.  37- 

8 

U.   8.   COAST  AND   GEODETIC   SURVEY. 


GKOLT  VI.  PAIR  s. 


Due. 

Mi.,<..c.„. 

M...^.rp. 

Corr^-Iion.. 

Ltlltud 

,V. 

S. 

Mu. 

Lfvtl. 

Kff. 

..,„. 

189I. 

1.  d- 

t.  d. 

ri 

Nov.  19 

27-23-9 

12-45 '8 

21  22  06-64 

—5  42-90 

+  -06 

-I--06 

21    16  2; 

27-58-2 

J^78-7 

06-72 

4322 

+ 

64 

+  -06 

30 

2577-6 

06-66 

40-46 

78 

T--06 

D«.    I 

26-51-9 

I2-72-6 

0666 

43-«8 

+ 

+■06 

S 

iT'T^ 

"-53-7 

0679 

41-83 

72 

+  ■06 

2; 

9 

26-39-6 

1 1-73-0 

06-86 

40-23 

90 

-r-o6 

la 

26-08-2 

,4.77-9 

06-77 

42  8s 

32 

+  ■06 

"S 

25  ■46-7 

10-72-5 

06-74 

4199 

7» 

fo6 

24 

19 

4-85-4 

11066 

06-S8 

43-06 

6j 

-  -10 

+  -06 

M 

*3 

*S-96-3 

11  193 

0695 

42-64 

84 

-i--a6 

23 

»S 

26-08-5 

II -34  4 

0689 

41-97 

S8 

-i  06 

24 

£6 

2626-6 

11-50-8 

06-86 

42-36  - 

y> 

+■06 

23 

a8  i  Z6-40-6 

tt-6S-6 

0683 

4i-i8    - 

Yl 

-i--o6 

24 

ag   26-34-6 

M-67-S 

06-85 

40-34  1  -2 

+  ■06 

24 

30   2665-8 
189a. 
Jan.     s    36-^-7 

11-92-8 

06-87 

4171;-! 

04 

—  10 

-r-o6 

M 

II  ■83-8 

07-08 

43-54    + 

23 

—■10 

+  06 

n 

6    2658-3 

11-81-3 

07-08 

42-64   - 

25 

+  06 

"4 

26-87-9 

12-08-9 

06-98 

43-11    — 

-06 

a3 

25-80-5 

07-00 

43-'J3    + 

-;--o6 

23 

35-gi<, 

11 -i8-; 

07 

4r83    - 

80 

+■06 

24 

18 

as  18-9 

10-41 1 

07 

n 

42-82    — 

17 

+  06, 

24 

•9 

26-OI-3 

11269 

07 

42-04   — : 

46 

+  06 

23 

2S82-3 

1 1  06-5 

07 

42-36  —1 

-^■06 

23 

a5-74-i 

to-97-a 

07 

iS 

.    4262   - 

90 

-^■o6 

23 

'i 

25-40-9 

,056-3 

07 

13 

44-40  +1 

+  -06 

23 

»4 

25-06-2 

IO-3I2 

07 

'3 

4218    -1 

i' 

+-06 

23 

25 

2572-0 

IO-99-6 

07 

41-57; -I 

49 

+  -06 

*4 

27 

J5-43-4 

10-79-3 

07 

19 

3965 !  —2 

65 

+-06 

24 

Feb.    3 

2597-2 

11184 

07 

34 

4306  - 

28 

+  ■06 

23 

4 

25-92-0 

1112-8 

07 

3' 

43'5 

+  -06 

*4 

6 

256,-. 

.0-82-5 

07 

26 

4301    - 

-  -06 

24 

8 

25-21-4 

1142-3 

07 

26 

■    43-'3     V 

06 

^-'oh 

24 

2580-4 

1104-4 

07 

41 

42411-1 

39 

i  -06 

23 

"3    ^5498 

10-72-8 

07 

44 

42-64 

86 

.-■06 

21 

m'i5'33-S 

10-55-5 

07 

3' 

42-87 

40 

■|-o6 

24 

Jl  ;  I6-83-1 

,209-8 

07 

30 

4178 

76 

-   06 

23 

21 1  3S-23-8 

10-48-1 

07 

32 

42-34 

-06 

-04 

2! 

^3   25-61 -9 

IO-8S-8 

07-34 

42'43 

■10 

j  06 
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Results  from  observations  for  the  variation  of  latitude  at    WaiJciki^ 

Hawaiian  Islands.  * 


GROUP  VI,  PAIR  6. 


Dtte. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

M 

S, 

Mic, 

Level. 

Ref. 

Mer. 

1891. 

t.d. 

t.  d. 

0     /       // 

/      // 

// 

// 

ff 

0      /       // 

Nov.  19 

23*ii-o 

17*43*6 

21  x8  3554 

— 2  11*63 

+  -18 

—  04 

+  •05 

21    16   24*10 

21 

23*41 -2 

17*70*4 

35-62 

12*42 

-f    -91 

—  04 

+  •05 

24* '2 

TV            30 

22*44*7 

16*72*8 

35-52 

12*67 

+  1*48 

—  04 

4-05 

2434 

Dec.  I 

2287*1 

1 7 -20*6 

3552 

11*42 

+  -44 

—  04 

+  05 

24-55 

5 

23*05*7 

I7-44-8 

3564 

ro*i2    —1*37 

—  04 

4-05 

24-16 

9 

21*94-3 

I6-35-8 

3570 

09-561  —1-99 

—•04 

4-05 

24-16 

12 

22*59*5 

16*85-9 

3560 

10-75 

—  -11 

—  06 

-h-05 

24-73 

15 

22*13*4 

16-48*2. 

3556 

11-12 

—    17 

—  04 

4-05 

24*28 

19 

21*77*1 

16*13*4 

3570 

10-77 

—    '22 

—  04 

+  05 

24*72 

23  22*287 

16*65*1 

3576 

10*75 

—   -52 

—  04 

+•05 

2450 

25   2I-93-8 

1 6*34-5 

3570 

09-75 

-1-38 

--04 

-f-05 

2458 

26  21 '89*1 

16*29*8 

3567 

09-75 

—  '95 

—  04 

+•05 

24*98 

28  22*20*6 

16*56-6 

3564 

1084 

—    61 

--04 

+  -05 

24*20 

29  22*o6*5 

16*48-0 

35-66 

0956 

—173 

— *12 

+  09 

2434 

«  30 

22*96*8 

16*381 

3567 

09*61 

—1-68 

-f*o8 

+  09 

24*51 

1892. 

M  5 

22-73-I 

17037 

35!! 

12*09 

-f    *22 

-04 

4-05 

24*02 

6 

21*91*3 

16*26*4 

35-86 

11-04 

—     23 

-04 

4-05 

24*60 

12 

22*52*1 

15  •92- 1 

3580 

09-91 

—  I  07 

— *04 

4-05 

24-83 

18 

21.19*9 

15*56*8 

3602 

10-63 

.  *6i 

-04 

4-05 

24*80 

20 

21*21*2 

15-60*4 

36*00 

lOIO 

_I*2I 

—  04 

4- -05 

2470 

21 

21*40*9 

1574-3 

3598 

11*44 

— 0-19 

-04 

+  05 

24*36 

23 

2i-i6*7 

I5-40-3 

3592 

1372 

-f2-;3 

—  04 

4-. 05 

2434 

24 

21*64*3 

16*03*7 

3592 

1005 

— 1-65 

—  04 

4-05 

24*23 

25 

2i*a8*8 

15*69*4 

3592 

09*77 

— 1-91 

— *04 

4- -05 

24-25 

l?u    ^7 

21*23-9 

15*700 

3598 

0850 

-251 

—  04 

4-05 

24-98 

Feb.  3 

21*445 

15*75*6 

36- H 

11-98 

+  -'4 

—  04 

+•05 

24*31 

4 

21-62*1 

15-94-6 

36-34 

11-65 

+  -31 

—  04 

4- -05 

25*01 

6 

20*61 '9 

14-94-6 

3630 

irbi 

4-  -06 

—  04 

4-05 

24-76 

8 

22*04*8 

16*34-1 

3607 

«2-39 

+  11 

—  04 

+  05, 

2380 

12 

2I-53-3 

1 5 -92*  I 

36-23 

10-19 

—  I-I2 

-04 

4-05^ 

2493 

13 

21*24*8 

15*60*4 

36*26 

10-93 

^     67 

—  04 

4- -05 

2467 

20 

21*52*0 

1 5 -87 -6 

36- '5 

10*93 

-   -71 

—  04 

4- -05 

2452 

21 

21*59*6 

15*99*2 

36- « 4 

10-00 

-1-83 

—  04 

4-*o5 

24-32 

22 

21*12*2 

15*49-8 

36-16 

IO-47 

-  75 

—  06 

4-05 

24-93 

23 

21*11*2 

I5-48-2 

36-18 

10-61 

— i-oi 

—•04 

4-05 

2457 
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U.    S.    COAST   AND    GEODETIC    SURVEY. 


GROrP  VI,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections, 

Latitude. 

! 

N. 

5. 

J/iV. 

Level, 

Ref. 

Mer. 

1891. 

/.  d. 

/.  d. 

0     /      // 

/       // 

// 

// 

// 

Off/ 

Nov.  19 

15730 

20-65-5 

21    14  29*60 

+  1  54-25 

+  -II 

4- -03 

4-05 

21    16   24*04       i 

21  '  i6o6-8   20-95-2 

29-66 

5330 

+  -55 

-t--o3 

f-o5 

23-59      / 

30  I  17057    2I-94-8 

2954 

5346        1  22 

-f  -03 

r-o5 

24-30    / 

Dec.    I  i  17-600   22  507 

2952 

53-«3 

+  -35 

-T  -03 

4-05 

23-7«  ( 

5    1677-5  121737 

2962 

5511 

-1*62 

-r03 

r-o5 

2319 

9  .  l602-3  1  2I-02-1 

2967 

5595 

-2-14 

-h-03 

r-os 

2356 

12  i  I6-56-4  1  2r5o-4 

29-56 

5460 

—   -22 

-01 

-•05 

23*08 

15  :  I6-90-9  j  21-847 

2950 

5455 

—  -28 

-}-03 

r-o5 

23-85 

23;i7-49'2 

22'49-I 

2968 

5597 

—    -91 

-09 

:   II 

2476 

25 

1706-5 

2201 -8 

29-61 

5490 

—  I  05 

-  -01 

-r-04 

23-49 

26 

16-67-1 

2r66i 

2958 

5576;'— 1*41 

4-03 

-r-05 

24-01 

28 

i703'5 

2200-6 

2954 

5532 

—  rio 

f--03 

r'05 

23-84 

29 

17-16-0 

22  145 

20*56 

5564 

—  1*59 

4- -03 

-r-o5 

2369 

30 

16-880 

2r82-2 

29-57 

5465 

-  -39 

-•01 

-r-04 

2386 

1892. 

! 

Jan.     5 

I6-9I-8 

2r79-o 

29-76 

53-02 

4-  -54 

4-03 

4- -05 

2340 

6 

I7-I2-5 

2206-9 

29*74 

5469 

—  -43 

4--03!  4- -05 

2408 

10 

I7-60-8 

2250-8 

29*64 

5367 

+  -38 

4-03 

t  05 

23-77 

12 

16-55-2 

21-49*2 

29*66 

5460 

-  -45 

4-03 

4- -05 

2389 

18 

16-35-6 

21-290 

2988 

5446 

-  -45 

-01 

4-05 

2393  i 

«9 

16-54-4 

21-49-6 

2988 

54-88 

—  1-39 

4- -03 

4-05 

2345 

20 

16-20-2 

2118-3 

29-87 

5555 

— 1-20 

4-03 

4  -05 

2430 

21 

16-36-3    2I-27-9 

2984 

5404 

+  -17 

4- -03 

4-05 

24  13 

23 

16-83-9   2I-68-8 

2978 

52*49 

-fr6i 

4-03 

4 -05 

23-96 

24 

I6-20-6 ;  21-17-7 

2978 

5532 

1-37 

1  -03 

4- -05 

23-81 

25    I6-53-5    21-51-6 

29-78 

5555 

— 1-19 

+  -03 

4- -05 

24*22 

27    16-06-3    21 -11 -o 

2984 

57*08 

—2*54 

4-03 

4  -OS 

24-46 

Feb.    3  ;  16-75  9   21 -65-8 

3002 

5365 

+  -27 

4- -03 

4- -05 

24*02 

4  1  i6-6o-i    21-50-0 

2998 

5365 

-f-  -50 

4-03 

-f-os 

24*21 

6    i6oi-7    20-90-6 

29-94 

53-42 

+  -30 

4-03 

-f-05 

23-74 

8 

16-96-51  21 -86-8 

29-92 

5374 

+  -37 

4-03 

4-05 

24*11 

12 

16-507  !  21-48-7 

30*10 

55-53 

— 1*17 

4-03 

4-05 

24-54  , 

13 

16-57-8  ^  21-50-0 

3013 

54-18 

-    84 

4- -03 

4- -05 

2355 

M 

i6'6r6   21-54-8 

30*16 

54-41 

—  -97 

4- -03 

+  05 

23-08 

20 

i6'63-2 

21-60-4 

30-04 

55-34 

—  -70 

4-11 

-f-o6 

24-85 

22 

i6i8-8 

21-11-5 

.       3005 

54.30   -  -45 

—  01 

4-05 

23-94 

23 

i6io-8   21037 

1 

3008 

54-35  '  -    65 

'  4- -03 

—05 

2386 

1                   i 

1 
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Results  from  observations  for  the  vaHation  of  latitude  at    Waikiki^ 

Hawaiian  Islands. 

GROUP  VI,  PAIR  8. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

LaUtude. 

M 

S. 

Afic. 

Lnri. 

AV/ 

Mer. 

1891. 

/.  d. 

/.  d. 

0     /      // 

/      // 

// 

ff 

ff 

0     f       ff 

Nov.  19 

23'ii'S 

14-62-2 

21   19  40-28 

—3  17*02 

+  -88 

-05 

-f-05 

21   1624*14 

21 

2371-4 

15-20-3 

40-32 

17-44 

+  1-04 

-05 

+•05 

23-92 

TV            30 

245 1  9 

1601-2 

40-08 

'7-35 

-fi-82 

—05 

-}   05 

2455 

Dec.    I 

23-77-2 

15-27-9 

40*06 

17-02 

4- 1 02 

—05 

i   05 

24-06 

12 

23-280 

I4-84-3 

40-00 

15-73 

+  -27 

—05 

-f-05 

24-54 

15 

23-48-8 

1 5  06*4 

39-90 

15-42 

-06 

—05 

(05 

24-42 

*3 

23-630 

15-22-5 

40-04 

14-98 

—  -20 

-03 

-fo5 

24-88 

2$ 

23-01-7 

I4-62-8 

3996 

14-61 

— 109 

—05 

-i--o5 

24-26 

26 

23-570 

1 5 -20*7 

3992 

14-01 

•88 

—05 

-f  02 

•  25*00 

28 

2S-330 

14-97-9 

39-86 

1373 

-    98 

— •«3 

f  06 

2508 

1              ^ 

23-94-2 

15-557 

39-88 

14-52 

118 

•05 

-f-05 

24-18 

0    30 

24-26*6 

15  85 -7 

39*88 

1508 

—  -86 

—05 

+  05 

23-94 

1892. 

1 

Jan.     5 

2305-5    i4*57'2 

40*06 

1679 

+  1-31 

—05 

+  05 

24-58 

6 

23-67-7    15-261 

40*04 

15*24 

—  -42 

-05 

+  05 

24-38 

10 

23-88-7 

1 5 -440 

3992 

15-96 

+  -53 

—•13 

-(--06 

24-42 

II 

23-56-8 

1514-2 

39-93 

15-47 

—  -22 

—  03 

-I--05 

2426 

12 

22-49-7 

1407-0 

39-94 

15-49 

•34 

—  05 

-f-05 

24- II 

18 

23-06-2 

14-64-1 

40*16 

15-35 

—  -53 

-05 

4-05 

24-28 

20 

23-30-6 

I4-90-7 

40*16 

14-84 

-  -85 

-05 

+  05 

24-47 

21 

22*40-1 

I3-93-8 

40*14 

»6-33 

—  -'4 

-05 

+•05 

23-67 

24 

22*74-8 

I4-36-6 

40-08 

14-45 

— r8o 

—05 

4- -05 

2383 

25 

22*81  6 

14-42-9 

40-08 

14-56 

—1-34 

—05 

+  05 

24-18 

Uu     ^7 

22*06-9 

1477-3 

40-14 

,'2-45 

-2-55 

—  05 

+•05 

25-14 

Feb.    3 

22*78-2 

1429-9 

40-34 

16-79 

+    67 

—05 

4-05 

24-22 

^ 

22-90-3 

14^46-1 

40-28 

15-84 

—  '34 

-05 

+  05 

24-10 

8 

22-84*0 

14.390 

40-28 

16-03 

4-    -21 

—  05 

+-05 

24-46 

12 

22*09*5 

13-67-3 

40*46 

15-38 

•28 

-05 

H  .05 

2480 

13 

22*72*4 

14*29-9 

40-50 

15-45 

-  -73 

—  05 

-f-05 

2432 

14 

22*70*7 

14-28-8 

4055 

15-31 

— I  05 

—05 

-T    05 

2419 

20 

21*76*5 

14-30-4 

40-48 

16-28 

—  -04 

—  05 

f  05 

24.16 

21 

23-35-5 

I4-97-7 

40*48 

14-36 

—1-56 

--•05 

+  05 

2456 

22 

22-61-0 

14-17-5 

40-50 

1568 

—  24 

-05 

-f-05 

2458 

23 

22-86-4 

14-47-4 

40*52 

14-63 

—115 

-05 

1 

a.  05 

2474 

U.  S.   COAST  AND  GEODETIC  8UBVEY. 
GROUP  VII,  PAIR  I. 


D.U. 

Mkromewr. 

m™.pp. 

CorrBctions, 

L.,,-...      1 

N. 

S. 

MU. 

Uvih 

Jfif. 

MlT. 

1891. 

1.  d. 

t.d. 

n 

Dec.  25 

.2-06-9 

23-94-4 

21    It    50-28 

-1-4  35-48 

—  -70 

+  ■10 

-)--04 

21    16   25-20 

•^-3^-8 

24-11-0 

So-33 

32-40 

-fi7i 

-f-'ll 

+■06 

24-61 

13  88;: 

25-70-4 

50-12 

34-aS 

+  -73 

+  ■15 

-f-oS 

25-30 

Ii7r4 

24.49-9 

50-11 

iv\^ 

+  '■43 

+  -08 

+  -05 

35-06 

11.581 

24-40-4 

So-08 

34-25 

+  -47 

-i--a8 

+  ■05 

34-93 

i3'38-7 

25-17-7 

50-36 

33SI 

-i-  -44 

+  ■08 

+  ■05 

24-34 

23 

1177-3 

2450-2 

50-18 

32-10 

+  '■94 

+  -08 

+  .08 

24-38 

Z4 

I3-08-4 

24-97.5 

50-1 8 

3S-SS 

-108 

+  ■08 

+  ■06 

35-09 

as 

IS33Z 

24-.83 

5016 

.VI -91 

+  06 

25-24 

37 

12-64 -6 

34  493 

50-30 

34-83 

+  -09 

-i--oS 

+  -05 

2525 

Feb.    3 

ja-7S8 

34-5 1 .9 

50-44 

33-84 

(-1-77 

+  -06 

35-22 

3 

24.56-7 

50-44 

,12-72 

+  rS3 

+■08 

+  -05 

34-82 

I2'S3'3 

24.617 

5°-43 

3363 

+  ,■06 

+  -08 

+  ■05 

2525 

6 

,2.93.7 

24-67-0 

50-40 

3319 

+  1-58 

+  ■08 

+  -05 

34-30 

8 

"3035 

24.79-0 

50-40 

32.70 

4-1-27 

-+-■08. 

4 -05 

24-50 

12-90-6 

34-67.3 

5060 

3295 

+  -50 

+-08 

+-05 

2418 

"3 

,j-46.o 

24-26-9 

50-66 

33-95 

-1-   -lo 

-i-08 

-(-05 

24-84 

14 

13-63-3 

24.46-1 

50-61 

34-39 

+  -06 

+  -08 

+.06 

15-20 

19 

I2.8S-2 

24-63-s 

50-78 

33-35 

4-  -48 

-f-ii 

+-06 

24-78 

1326;, 

2404-6 

50-79 

3321 

-1-  -67 

+■08 

+■06 

24-81 

ia-97-3 

3475-5 

50-79 

3332 

-1    -59 

+-08 

+■05 

24-83 

aj 

.2.920 

34-73-0 

50-86 

33-97 

-1-  -5S 

+■19 

-L-OS 

2565 

«4 

1408-8 

25-80-9 

50-42 

319' 

4-3.46 

+■08 

+■05 

24-93 

16 

14'08*2 

25-82-9 

S'-05 

32-5' 

1  1-35 

-t--14 

+-03 

25-58 

a? 

I2.99-2 

24-92.S 

51  10 

36-90 

-2-98 

+  ■08 

+■04 

25-14 

as 

I2-57-2 

24179 

5.16 

29-36 

!  40 ] 

+-08 

+  05 

»4-S6 

39 

,3-92-3 

35-74-1 

51-20 

3416 

-    37 

-I--08 

f-os 

25-12 

Mu.    I 

iz-59'5 

24-47-5 

51-23 

33-28 

+  -31 

-+--08 

+-OS 

34-94 

i36a-7 

35-35-5 

5123 

32-07 

+  1-SS 

+■08 

+■05 

24.98 

"3141 

24-90-9 

51-32 

33-00 

+  -95 

-I--08 

--OS 

25-30 

5 

13-96.6 

3578-4 

51-22 

.14- 16 

—  -37 

-f--oB 

--■OS 

35-34 

9 

13-56-3 

34-25-6 

SI  ■36 

31  26 

+  1-14 

+-oS 

-f-05 

23-89 

12.32-4 

24- 126 

5144 

33-79 

4-  -23 

+  ■08 

H--05 

2559 

13 

'347-3 

35-22-0 

51-62 

325' 

+  -66 

+  -08 

+■05 

24-92 

I2-93-4 

24-68-4 

S''fi 

33-58 

+    -63 

+  -08 

v& 

3s-oa 

'9 

•3507 

25-31 -s 

51-66 

34-00 
34-07 

-  -31 

+-n 

2552 

30 

1 3.80.2 

24-61 -6 

51.69 

—  1-14 

+-oS  1  +-OS 

ai-75 

24 

12-48-1 

34-22-9 

51-89 

32-S4 

+  1-02 

+■08  1  +-05 

25-58 

30 

I3-I8.0 

24-87 -5 

52.06 

31-31 

-1-1-91 

+-10    +-04 

a5-42 
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Results  from  observations  for  the  variation  of  latitude  at    Waikikij 

Hawaiian  Islands. 

GROUP  VII,  PAIR  2. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

• 

Corrections. 

Latitude. 

AT. 

S. 

1 

1 

Mic.         Lrvel. 

Ref, 

Mer. 

1891. 

/.  d. 

t.  d. 

0      f       ff 

/      // 

// 

// 

// 

0      /       // 

Dec.  29 

21*39*5 

19-28*8 

21    17    14*62 

—0  48-88 

—1-28 

—  01 

4- -05 

21     16   24*50 

1  ,'^^- 

Jan.    5 

20*40*9 

1814-3 

14*62 

5257 

-f-l-91 

— -oi 

f-05 

24*00 

6 

2097*6 

18-76-4 

14*59 

51-32 

-i-  -82 

— -01 

4-05 

24-13 

II 

19-42-8 

17197 

1436 

51-75 

-fl-28 

4-03 

+  •04 

23-96 

12 

21-410 

19-24-5 

1434 

5022 

-08 

—  01 

-f-05 

2408 

18  21-05*1 

18-88-8 

14-50 

50- 1 8 

-f  -52 

— -Of 

-f-05 

24-88 

20 

21730 

19*49-2 

14-50 

51-92 

fi-50 

---0! 

4-05 

24-12 

21 

22*65-9 

20-46-6 

14-48 

50-88  j  ^  -32 

—  01 

-f-05 

2396 

23 

22*29-2 

20-00-7 

1442 

53-01 1  -f-3-15 

—  Of 

+  05 

2460 

24 

22-57-3 

20-45-6 

14-38 

49-11 

-  -84 

— -01 

f-05 

2447 

25 

22-322 

20- 1 7 -9 

14-38 

49-72 

—    -21 

—  01 

-f-05 

24-49 

27 

22-54-6 

20-35-8 

14.42 

5076 

+     58 

—  01 

-f-05 

2428 

Feb.   2 

22-64-7 

20-388 

14*66 

52-41 

1-2-40 

—  01 

-f-05 

2469 

3 

22-98-8 

20-77-7 

14-66 

51-29 

-fi'54 

—  01 

4-05 

2495 

4 

22-400 

20*16-9 

14-66 

51-76 

--1-47 

—  03 

1  05 

2439 

6 

22-73-6 

2052-6 

14-62 

51-27 

-hi-23 

—  Of 

-fo5 

24-62 

8:2274-3 

20*51-3 

14-62 

5'-73 

-I-I-53 

-01 

4-05 

2446 

121  22*66*3 

20-45 -8 

14*82 

51-15 

4-  -85 

— -01 

4-05 

2456 

13 

22-46- 1 

20-21-4 

14-88 

5213 

-f  2-12 

—  01 

4-05 

24-91 

19 

22-69-0 

20-47*7 

1504 

51-34 

-j-  70 

•01 

4-05 

2444 

20 

22.25-5 

20-71-9 

15-04 

•        5048 

^  -43 

-If 

-^-•08 

1 

24  96 

2! 

22-62*2 

20*43-8 

1504 

5067 

4-  -75 

•01 

--05 

2516 

23 

22*12-7 

19-96-2 

15-10 

5022 

-1-  -08 

—  01 

4- -05 

2500 

24 

22-45*7 

20-20-5 

15-16 

52-24 

+  1-82 

—  01 

-f-05 

24-78 

26 

22-737 

20-51*4 

15-30 

5»-57 

—  -39 

—  01 

-05 

24-16 

27 

22*66*16 

20-54-5 

1537 

49-20 

—1-44 

— -01 

4-05 

2477 

28 

22*31*1 

20-14-3 

15-44 

5030 

-  -67 

—  01 

-f-05 

24-51 

29 

22-27*7 

20-06*6 

1547 

51-29 

+  -18 

—  0! 

4-05 

24-40 

Mar.   I 

22-50-3 

20-32-4 

15-50 

5055 

—  -01 

—  01 

4-05 

2498 

2 

22-23-3 

20-00-2 

1552 

51-76 

4-  -67 

—  01 

+  05 

2447 

4 

22-74-6 

20-57-0 

15-51 

5048 

—    -21 

—  01 

4- -05 

2486 

5 

22-68-5 

20-51-9 

1550 

50-25 

—     72 

—  01 

-f-05 

2457 

9 

22*92-0 

20-70-6 

15-67 

51-36 

+     56 

—  01 

-f-05 

24-91 

10 

22-54-0 

20-28-8 

15-74 

52-29 

-1-  -76 

— -01 

-f-05 

2425 

>3 

22-48-9 

20-27*6 

15-96 

51-34 

+  -18 

— -01 

-f-05 

2484 

14 

22-86-2 

20-66-5 

16-00 

50-97 

—  -07 

— -01 

-f-05 

25  00 

16 

2260-7 

20-349 

16-02 

5238 

-  j- 1  -02 

—  01 

4-05 

24-70 

»9 

22-19-5 

19*98*4 

16-02 

51-29 

—  -41 

—  01 

4-05 

24-36 

20 

22-38-5 

20-22-9 

16-06 

50-02 

—1-08 

— -OI 

4- -05 

25-00 

2! 

22-5 10 

20-33-2 

16-08 

50-53 

—  -70 

— -01 

-f-05 

2489 

24 

2258-8 

20-34-8 

16-28 

5 1  -96 

H-  -17 

—  01 

-f-05 

2453 

29 

24105-2 

21-85*2 

16-48 

51-04 

-  -53 

— *OI 

-f-05 

24-95 

30 

22-35-2 

20*17*4 

16-48 

5053 

-  -89 

—•01 

-f-05 

25-10 

31 

22-65*7 

20-359 

16-48 

53-31 

-fi-63 

—•01 

-f-05 

24.84 

U.  S.   COAST  AND   OBODBTIC   8VRVEt. 
GROUP  VII,  PAIR  3. 


D>te. 

Micrometer. 

M„n.n.. 

CorrectlonEi. 

Lxilude. 

^. 

^. 

Mk. 

Ltiifl. 

Rtf. 

Mer. 

1891. 

/.  </. 

f.  'd. 

1/ 

DM.29 

.8-44-7 

i8-i«-o 

21    .6  29-ia 

-0  03  87 

~  .76 

+■02 

+.■07 

3.    16   24-58 

.Sm-4 

l7'92-3 

1910 

07-47 

+  2-08 

00 

+  -07 

2378 

I  So  1-8 

1774-2 

29-07 

06-40 

H-'-36 

+•07 

2410 

1777-9 

17-54-3 

28-83 

0550 

J-  -88 

00 

-1   07 

24.38 

I7;toz 

I7-57-S 

38-so 

05-37 

+  -88 

+ 

04:   -h-o7 

24-52 

.7-6.-. 

17-40-4 

28-94 

04-So 

+  -17 

00 1  +-07 

24-38 

l7'66-2 

17-38-* 

28-95 

od-so 

+  1-91 

00    4- -07 

34-43 

ili'i6'8 

I8l3'3 

28-92 

0107 

-3-40 

00 1  -I--07 

2452 

17- 28-9 

16-99-7 

38-86 

ofi77 

+3-82 

00,  +-07 

2498 

14 

'773'S 

'7-57-3 

28-84 

03-76 

-    -58 

+  -07 

3457 

irj'b 

17-lt.O 

38'82 

03-as 

-  -SO 

+  ■07 

*4  54 

27 

i7'38-6 

17-16-li 

28-ti5 

05-06 

-f  -23 

4- -07 

2409 

Feb.    2 

1772-9 

17-44-6 

39-08 

06-57 

+  '71 

J. -07 

34-29 

f7-454 

17-22-2 

29'07 

os-38 

f    84 

00  ■  -  -07 

2460 

.7-!(8'0 

17-631 

29-06 

05-78 

-j  1  13 

00        T    -07 

2448 

.7692 

I7-44-8 

29-03 

05-66 

1-  -88 

DO'    1-07 

2433 

'7-99-5 

17-77-8 

3902 

05-03 

-r  ;S8 

00 '  H--07 

24-64 

'TJO-S 

17104 

29-21 

01-66 

00,  -r-07 

24-76 

iS'oB'O 

1J8J0 

39'^8 

05-So 

1   '65 

■f 

08 i  -  10 

S43" 

iS-jgG 

18-040 

29-43 

05-94 

+  I-03 

00 '  4  -07 

24-57 

1 7-83-5 

17-S9'3 

2941 

05-6: 

+0-S5 

H-07 

24-43 

24 

.6-92I 

16-67-8 

2953 

0564 

+  -67 

+  -D7 

24.63 

36 

.7-82g 

17-60-5 

39-67 

05  30 

+  '33 

-i-^7 

24-87 

27 

17608 

17-47-1 

29-73 

03-18 

— 191 

4-07 

2471 

z8 

' 7-93-8 

17-56-6 

09-09 

+3-84 

f-07 

24-62 

39 

18-40-2 

18241 

39-83 

03-74 

-146 

+■07 

24-70 

Mar.    1 

17-62-5 

17-38-6 

29-S6 

05-54 

-1-  -»4 

+-07 

24-63 

18QSS 

17-S4-6 

39-87 

04-S5 

+  -D7 

24  S8 

17-61-7 

1 7 -43-7 

39-86 

0371 

-'■30 

00:  J- -07 

2492 

S 

17-80-5 

17-64-8 

29-H6 

03-64 

00    +-^7 

2509 

9 

i7-7'7 

.7466 

3000 

05-82 

-f  -41 

00    +07 

24-66 

,7-997 

17767 

30-08 

05-34 

—  -09 

00    +-07 

24-72 

•3 

>7-S>-3 

17-13-8 

30-29 

063S 

+  -17 

00    ---07 

34-24 

l4|l7'yS-l 

1775-6 

30-32 

0452 

—  1-39 

00 >  H--07 

2448 

16 

17-99-6 

17-78-4 

3036 

0493 

—  -55 

— 

04 

■t-05 

24-90 

•9 

1779-9 

17-60-3 

30-36 

0455 

-119 

24-62 

.8130 

1796-9 

30-39 

03-74 

+■07 

24-50 

i803-9 

■  7-S4'5 

30-4I 

0427 

-'54 

04 

1  -OS 

2469 

24 

16-94-1 

1673-0 

30-58 

04-90 

00 

\  -07 

2473 

29 

i7-;6-o 

17-55-8 

3079 

04-69 

-1  17 

+  -07 

2502 

30 

18.18-2 

.Soi-s 

3074 

03S7 

-I  85 

+■07 

25-09 

31 

i8-3o'9 

18-03-9 

30-78 

06-36 

+  -47 

-00 

+■07 

2506 
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Results  from  observatiom  for  the  variation  of  latitude  at    Waikikiy 

Hawaiian  Islandn. 


GROUP  Vll,  PAIR  4. 


Dftte. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N, 

S, 

' 

i\fic. 

Level. 

Ref, 

Afer. 

• 

189I. 

t,  d. 

t.  d. 

0      /       // 

/      // 

//. 

// 

// 

Off/ 

Dec.  29 

22-37-0 

I7-39-8 

21    18   20*80 

-'  5534 

—  -90 

-03 

4-01 

21    16  24-58 

1892. 

Jan.    5 

22 -67 -9 

I7S5-4 

20*72 

I  58-89 

4-1-82 

—  03 

4-05 

2367 

6 

22-71-5 

17-60-9 

20-68 

5845   -i  105 

-•03 

-^-05 

23*30 

II  !  2I-5I-2 

16-42-5 

20*42 

5801  ;  -  ri9 

-03 

-T05 

23-62  " 

12  1  21-34-2 

16-28-9 

2039 

57-22    -^    -58 

-  -01 

-r04 

23-80 

20  i  19*86-9 

I475-5 

2050 

58-64.  -^1-42 

-•03 

-f05 

23*30 

21  •21-32-4 

16-221 

20*48 

58-381-1-66 

•03 

-;  05 

2378 

23 

21 '60-6 

16-57-8 

20*41 

56-64  !         -10 

-03 

-1-05 

23*69 

24 

22-02-6 

1 7  •030 

20*38 

55*90'  —    40 

—  •03 

-i-.o5 

24*10 

25 

2f32*8 

16-347 

20*36 

55-55  i   -    -47 

-07 

4  05 

24-32 

1         '7 

22-10-7 

17077 

20*38 

56-69 

4-    62 

•03 

-i  05 

2433 

'  Feb.    2 

21  74-3 

16*67-3 

20-62 

57-6214-    50 

-    03 

4-05 

24-52 

3 

21-95-7 

16*88*8 

20*61 

5759   -f-io6 

—•03 

4-05 

24*10 

4 

21-69-3 

16-63-7 

20-60 

5729   -f  -64 

•03 

T05 

2397 

6 

21-437 

I6-38-5 

20-56 

5720   +    61 

-03 

4-05 

2399 

8 

21-88-2 

16-83-8 

20*56 

5701 

4- 1 -00 

—  03 

4-05 

24*57 

12 

21-50-9   16-50-3 

20-74 

5613 

-f-   01 

—  03 

4- -05 

2464 

13 

21  57-2    16-52*2 

20*82 

57«5 

4-  -42 

•03 

4-05 

24-11 

19 

21-49*01  16-44*1 

20-98 

5713 

+  -31 

•03 

4  05 

24*18 

20 

21-44-2 

16*40*1 

20*48 

5694  +  -16 

-     03 

4-05 

23*72 

21 

22  03-0 

1700*5 

2099 

5657   -f    26 

•03 

4-'05 

2470 

23 

22  07  4 

17-05-0 

21-05 

56-55 

4-  -26 

—  03 

405 

2478 

24 

20-90- 1 

15-89*2 

21*11 

56*20 

—    II 

•03 

4- "05 

24-82  1 

26 

21-94-1 

16-92-1 

21*26 

56*46 

•40 

-03 

4-05 

24-42 

27 

21-72*4   16-79-5 

21*25 

54-35 

—2*08 

•03 

4-05 

24-84 

28 

21-377 

16-41*2 

21-39 

55-18 

—1-65 

—  03 

4-05 

2458 

..     29 

22-280 

17-26-4 

21-43 

56*36 

-    69 

•03 

4-05 

24*40 

Mar.   I 

21-440 

16*40*7 

21-48 

56*76 

—  -11 

•03 

4- -05 

24-63 

2 

21-19-8,  16-14*1 

21-49 

57-3« 

4-  -08 

•03 

4-05 

24-28 

4 

21-47*7    16-46*0 

21-50 

5639 ;  —   46 

-03 

+  05 

24-67 

5 

21-86*4    16*85*5 

21-50 

56-20 

-   56 

-03 

4*05 

24*76 

9 

21-05*1 

15*96-1 

21-66 

5808 

-f  -43 

—  03 

4-05 

24-03 

10 

22-06*4 

1701  8 

21*74 

57-06  —    14 

—03 

4- -05 

2456 

13 

21-88*2 

16-78*5 

21*98 

5824  +    59 

—•II 

4-08 

2430 

14 

21*79*5 

16-72*0 

22*03 

5773   4-  -23 

•03 

4- -05 

2455 

16 

21-52-5  ■  16-45*5 

22-08 

5762 

4-  -27 

•03 

4-05 

2475 

21 

21-89-8 

16-87*7 

22*16 

56*48 

-•87 

-03 

4-05 

2483 

24 

21*64*8 

16*58*1 

22-36 

5755 

-   19 

—  03 

4- -05 

24-64 

29 

21-86-4 

16-76-2 

22*62 

5836 

— I -02 

—  03 

4- -05 

23*26 

31 

21-79*5 

16-66*9 

22*62 

5892 

4-  74 

•03 

4-05 

24-46 
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U.  8.   COAST  AND  GEODETIC   SUHVET.  ' 
GROUP  VII.  PAIR  5. 


D.le. 

Mlctomrtir. 

"■£■„■"■ 

Correclioiu. 

UHitO. 

//. 

S. 

Mif. 

Uvfl. 

Rff. 

Mrr. 

1891. 

1.  d. 

t.  d. 

11 

Dec.  19 

.67I-1 

22' 10-6 

2t    14   20-60 

+  2  0516 

-I-7I 

+  ■04 

+  ■06 

11    16   2 

1 6' 304 

.,-5.! 

20-46 

0119 

+  1-0S 

+  ■04 

+  ■06 

G 

i6-54>5 

21-82  6 

2043 

0251 

+  -=s 

+  ■04 

-06 

16-401 

2I-72-0 

2014 

0339 

-  -19 

+"-04 

^-06 

IS-93-6 

2I-14-4 

2010 

03-14 

+  ■04 

r-o6 

l6-J4'7 

21-51-7 

20-18 

02.26 

+   .86 

+  -04 

-,  -06 

16Z07 

21-484 

2016 

0242 

+  1-19 

-t-04 

-;.o6 

'3 

15420 

20-780 

20 -oS 

0434 

-    69 

J- -04 

+-06 

24 

I6.48-7 

2I-90-3 

2006 

0564 

—2-24 

^■04 

+  06 

*S 

IS'«7 

20-6S-9 

2003 

OS-09 

-I -So 

^■04 

~  06 

a; 

I645-2 

2t-8o-o 

20-04 

04-07 

-    -iS 

-I-.04 

-06 

Feb,    2 

i6ioi 

2160-2 

0298 

■f  -45 

+  04 

3 

IS -680 

20.98-2 

20-24 

03-00 

+  ;34 

+  ■04 

i  .06 

'5'947 

21-280 

2024 

03-72 

+  04 

+.06 

8 

fS-33-o 

21-638 

20  18 

03-14 

+  -lo 

~\  -04 

-i  -06 

16-46-5 

21.79-8 

20-36 

03-72 

-  -8S 

+  04 

-.06 

'3 

1 6-45 -8 

2.-78-5 

2044 

03-5S 

-  -l^ 

+  -04 

-.06 

19 

'S-9'-5 

21-23-1 

2061 

03-3S 

-  -67 

+  ■14 

-i-'U 

16-65-0 

21998 

2062 

0407 

+  ■04 

4  '06 

23 

iS-22-a 

20-58-3 

20-68 

0437 

-125 

+  06 

24 

16-23-2 

21-58.0 

20-73 

0407 

-0-8o 

4- -04 

-06 

36 

I5-69-8 

2104-0 

20-8S 

0393 

-  -99 

4-04 

4  06 

27 

.6-27.0 

21-70-1 

20-94 

05-99 

~3'i7 

-1-.04 

+  .06 

28 

iS'50-3 

20-93-2 

05.94 

—322 

+■04 

+  ■06 

sq 

16-00-3 

2106 

oo-6i 

+1-76 

+-04 

+  .06 

Mar.    I 

,6-56-3 

21.91.7 

0420 

—1-40 

+-04 

-*.o6 

16-21-2 

2.  .56-0 

0383 

+-04 

+  ■06 

15-SS'i 

2094-2 

»i-'3 

0504 

—220 

+-04 

+  ■06 

5 

i  574-4 

21-147 

21-13 

OS -34 

-2-35 

+-04 

+  06 

9 

I6-76-6 

22-064 

21-30 

0291 

—  -70 

-f-04 

+  06 

161  as 

2I-42-9 

21-38 

03-04 

-  -69 

+  04 

+■06 

"3 

16-16-3 

2 1 -50-7 

21-62 

0397 

+  ■09 

+  06 

> 

14 

I6-36-6 

21-67  7 

21-68 

0321 

—1-13 

+  04 

+  06 

16 

■S-857 

2I-I7-I 

21-74 

0328 

+  ■04 

+  -06 

19 

16-41  5 

21-775 

21-76 

04-34 

-^33 

+  04 

+  06 

iS-Si-4 

21    190 

21-80 

04-72 

-244 

-i-04 

+  .06 

i6-i8-o 

2154-2 

21-82 

0439 

-1-87 

+  ■04 

+  06 

24 

•S-43  0 

2076-6 

03-79 

-1-63 

+  ■04 

+  ■06 

30 

1 6085 

2149-3 

22-31 

05-46 

-335 

—  04 

31 

'57«-3 

20.94-3 

22-32 

01-33 

—  -23 

+  •04 

+  •06 

^ 
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BesMlU  from  observations  for  the  variation  of  latitude  at   VfaiMkij 

Sawaiian  Islands, 


GROUP  VII,  PAIR  6. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

V. 

S, 

Mic. 

Level. 

I?ef. 

Afer. 

1891. 

/.</. 

t.  d. 

0     /       // 

/      // 

// 

// 

// 

0     f       /f 

Dec.  29 

21  •07-3 

18*48-7 

21    17    2623 

—0  5999 

—1*37 

— -02 

+•07 

21    16  24*92 

1892. 

1  J«»-    s 

21-09*4 

X8-4I-7 

26*00 

— I    02*I0 

+  71 

— '02 

+•07 

24-66 

^ 

21*02*4 

18-31*6 

25*95 

02:82 

-f-i-00 

— *02 

+-07 

24-18 

\               " 

20*03*9 

17-43*7 

25  60 

00-36 

—  -71 

— -02 

+•07 

2458 

\              •* 

19*76.5 

17-14-6 

25-56 

00-76 

—  -13 

— -02 

+  -07 

2472 

\              20 

19*92*8 

17-25-6 

25*54 

01 '99 

-f  i-o8 

— -02 

+•07 

24-68 

\             *' 

20*230 

17-54-2 

25-52 

0236 

+  1-49 

—  -02 

+•07 

24  70 

\            »3 

20*13*7 

17-55-6 

2544 

—0  5988 

— 1-09 

—  02 

+  08 

2453 

\           ^ 

29*59*6 

17*06-7 

25*40 

5867 

—206 

— -02 

-f-07 

24*72 

\           27 

21-64*0 

1905-8 

25-34. 

5990 

—  -69 

— -02 

4-07 

24-80 

\  Feb.     2 

22*22*6 

19-58-2 

25-52 

—I  01*34 

+  -59 

— -02 

+  07 

24-82 

I             3 

23*86*2 

21*25*6 

2552 

00-46 

—    31 

— -02 

+  •07 

2480 

1            * 

a3-947 

21*31-3 

25*01 

orio 

+  -60 

— *02 

+  -07 

2456 

\ 

23*96-8 

21-36*6 

25-46 

00-36 

•23 

—  02 

-fo7 

24-92 

' 

24*26*0 

21-68-5 

25*44 

-0  59-74 

-  -58 

— -02 

+  07 

25-17 

12 

23-47*6 

20-92*1 

25*60 

59-27 

—1-59 

— '02 

4- -07 

2479 

1          '3 

23*61-3 

21*04*7 

25*67 

59*53 

— 1-19 

— -02 

+  07 

25-00 

20 

23*517 

20*92-5 

25*87 

—I  00-13 

—  '73 

—  02 

+  07 

25-06 

21 

23*78*3 

21*20-8 

25-88 

—I  59*74 

— 1-27 

— -02 

-I--07 

24*92 

23 

23*55*6 

20.96-1 

2593 

— I  00-20 

-68 

-02 

-f-07 

25-10 

24 

23*45*6 

20-91-4 

2598 

—0  5897 

—1-94 

—  02 

+  07 

25-12 

27 

2402*6 

21-39*1 

26-21 

—I  01-13 

— -43 

— -02 

-f-07 

24-70 

28 

23*74*5 

21-14-4 

26-32 

—I  0034 

-    96 

— -02 

+  07 

25-07 

29 

24*29-3 

2r74-i 

2635 

— 0  59-20 

— 2*22 

—  02 

-f-07 

24-98 

Mar.    I 

23-867 

21-320 

26-38 

—0  5909 

-198 

—  02 

-|-*o7 

2536 

2 

23-85-0 

2I'29'5 

26-40 

59*27 

—  1-81 

— -02 

+  07 

2537 

4 

23*79*4 

21-23-2 

26-43 

59*43 

— 1*45 

—  02 

+•07 

25-60 

5 

23*90-2 

21*33*5 

2644 

59"55 

—  1*54 

—  02 

-f*o7 

2540 

9 

23*94*7 

21-30-7 

2662 

— I  0124 

—    34 

—  02 

-f-07 

25  09 

10 

23-640 

2101-9 

2670 

0080 

—    99 

—  02 

-f-07 

24-96 

'^ 

24*26-1 

21*64*4 

2697 

0071 

—  -88 

—  02 

00 

2536 

U 

23*95*6 

21-31-8 

2704 

01-20 

•61 

—  02 

+  07 

2528 

16 

24-06*2 

21-46-9 

27*12 

oo'is 

1-62 

—  02 

-f-o7 

2540 

'           19 

23*77*2 

2ri8-8 

27-18 

—0  59'94 

-1-83 

--02 

-j-os 

2548 

20 

23*86*3 

21*29-6 

27-22 

5955  i  -254 

-02 

-f-o5 

2516 

21 

24*3 »  4 

21-73*1 

27*26 

5992 

—204 

—  02 

-fo7 

25-35 

24 

23751 

21*14*4 

2748 

—I  00-48 

—1-69 

—  00 

-f-07 

25-38 

29 

23*44*3 

20-83-9 

27*81 

00*41 

-2-13 

— -02 

-fo7 

2532 

31 

2309-2 

2i*39'3 

27-86 

0261 

—    *02 

—  02 

-f-07 

25-28 

V.  8.   COAST  AND  OKODETIC  SURVEY. 


CROUP  VII,  PAIR  7. 


D.t«. 

m™.pp. 

ConKIi 

™. 

U..i,. 

A^      1      S. 

Mu. 

LruH. 

Ref. 

M^. 

tggi. 

t.  d.     \    1.  d. 

0    1     II 

0    / 

Dec.  19 

14-95-9  ■  I44*S 

21   20  2917 

_4  04-37 

—  -60 

-•07 

-I--05 

11    16   2 

24-65 -6'  14-00-5 

18-94 

07-06 

+  1-81 

-07 

-i-os 

6 

Z4-74-6    i4'o8s 

28-90 

07-31 

-!-.-89 

-■07 

+-05 

23-67-0    13-087 

2848 

05-51 

+  1-51 

-■07 

+■05 

TO 

i4'09-S|iy48-2 

38-38 

o6'2[ 

+  2-07 

^■07 

-'■OS 

'4 

2J737    'J'249 

2H-I8 

033' 

-    28 

07 

4  OS 

H 

2j'8o-8!  13-27-0 

28-I6 

04-47 

-J-  -27 

07 

--OS 

Feb.    3 

23-44-0    IS -85-8 

1830 

05-49 

|2IS 

07 

-1.-05 

3 

2433-8 

13-77-1 

2819 

OS  '4 

4-1-61 

07 

4- -OS 

23963 

13-37 -6 

28-28 

05-60   -t-r74 

07 

■I--OS 

8 

24-35-4 

13-78-2 

2810 

05-25     :  1-19 

07 

4- OS 

24  03-6 

13  48  8 

iS-35 

04-70     :      73 

07 

4-05 

13 

24-15-2 

13610 

28-42 

04-56     \-  -47 

07 

4. -OS 

'9 

23'88-9 

13-30-3 

28-64 

05-58 

-i-1'24 

-  -06 

23-81-4 

13-27-7 

28-64 

04-67 

+   -25 

07 

f-os 

'3 

13.51.9 

13-02-7 

18-70 

oj-63 

-  -'5 

07 

4- -OS 

* 

n 

23-46-7 

I2-96-4 

28-76 

03-65 

-  -ig 

07 

-f-os 

'I 

2386-6 

i3*3-4 

18-98 

0665 

-fa  41 

07 

+  ■05 

2& 

24-02-1 

13-47 -4 

29-06 

0470 

+  -39 

07 

4- -05 

39 

23-81-2 

13-280 

29-12 

04-33 

-    24 

07 

f-os 

Mar.    I 

23-66-3 

i3«-3 

29-18 

04-51 

07 

24-02-0 

13-49' 

29-21 

04-26 

—  -49 

07 

4- -OS 

24-022 

13-533 

29-25 

03-33 

—  128 

07 

+-05 

S 

24  ■04-4 

13-54-7 

29-26 

03-51 

—  -97 

07 

+  05 

9 

23-94- • 

I.V39-4 

29-45 

0467 

~  -3i 

07 

+■05 

24-08-1 

I3S4-5 

2954 

04-42 

07 

+  03 

'3 

14-07.4 

1347-9 

2983 

05-79 

f  -17 

03 

4- -04 

14 

84-027 

« 3-47-3 

29-91 

04-S4 

-  -32 

07 

-f-os 

16 

24-10-7 

13-63-' 

30-02 

05-35 

07 

-uos 

1J87-3 

1335-0 

30- H 

04-12 

-I-J9 

+ 

04 

■■  -08 

23-8J-2 

1330-3 

30-iB 

04-36 

24 

24-09-1 

l3-S*-9 

30-42 

05-02 

-  -25 

07 

r-05 

29 

24  ■44- 1 

13-91-1 

30-80 

04-28 

-1-47 

07 

-1-05 

3" 

23-82-5 

'3209 

30-87 

D6-28 

+  -67 

-07 

+  -0S 
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Rcsulti  from  observations  for  the  variation  of  latitude  at   Waikikij 

Hawaiian  Islunds. 

GROUP  VII,  PAIR  8. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

1 

1 
1 

1 

.v. 

S. 

Aftc. 

Level, 

1 
Kef. 

Mer, 

• 

1    1891. 

/.  «/.        /.  </. 

0     /     // 

/      // 

tf 

tf 

// 

0      /      // 

Dec.  29 

1 7 '2 1*9    20-46*2 

21    15    13-18 

+1  >5-23 

—3-91 

+  •04 

4-04 

21    16  24*58 

1892. 

1 

1 

Jan.    5 

I9I7-2 

22*  1 2*4 

12*80 

08.48!  1-2 

14 

-f -02 

4-05 

^3-49 

6 

I9-44-6 

2240-4 

12-74 

0862  j  -\-2 

18 

--•02 

4-05 

23-61 

11    i8'82i    2I-89I 

12  30 

11-22     J- 

89 

-r  02 

-r05 

2448 

18    I8-35-4.2I  466 

12  14 

1219    -r 

48 

-p*02 

4-05 

2488 

20 1  1 845  I    21  •46-6 

I2-II 

09.94 :  -f- 1 

75 

-)--02 

4-05 

2387 

23'  18077   2II7-3 

1198 

11-82;  f  ' 

21 

-f  02 

4-05 

24-08 

24  i  iS-347    21.47-3 

11-92 

1252 

__^__           A 

38 

-f*02 

4- -05 

24-13 

25    1816-1    21-29-8 

11. 87 

1277 

1 
1 

04 

-7-02 

4-05 

24-75 

Feb.    2 

18-19*6   21-20-3 

11-95 

0976     -f-2 

49 

-r02 

4-05 

2427 

3 

17-90-8   20-96*2 

11-94 

1085     4-1 

70 

4- -02 

4- -05 

24*56 

4 

i8*45*6l  2i«52-6 

11-94 

11. 22 

-f  I 

23 

-[-•02 

+•05 

24*46 

8 

18*34-6'  21*41*4 

11-84 

If. 17 

-^1 

31 

-J--02 

4-05 

2439 

12 

18*11*7  ;  21*20-3 

11-98 

11. 59 

-f 

44 

-f -02 

+  05 

2408 

>3 

i8'9Q'4,  22-07-4 

1204 

1145 

-|- 

51 

4--02 

4-05 

24-07 

20 

18-806  21-880 

12-28 

ii3«;  i 

60 

-\    02 

4-05 

24*26 

23 

18-62-1]  21-71*2 

12-33 

II. 71 

H- 

63 

-r'02 

-r05 

2474 

24 

18*25*2^  21-32*7 

12-38 

"•34 

1 
1 

78 

-f -02 

i   05 

2457 

27 

18*55*9'  21*56*0 

I2-6l 

0962 

-!-2 

30 

4-02 

4-05 

2460 

28 

17-97.4 ;  2I04-1 

12-69 

11*15  :  -i- 

52 

4-02 

+  05 

2443 

29 

18*15  3   21*27-3 

1275 

12-38 

•36 

4-*02 

4-05 

24*84 

Mar.   I 

18*42*6   21*50*0 

1282 

1131 

+ 

IZ 

4-02 

+  •05 

24-53 

2 

18*49-1  :  21-58-9 

12-85 

11  87 

33 

4- -02 

-r05 

24*46 

5 

17-62-6  '■  20-76*3 

12.90 

12*77 

— 

90 

-f  -02 

+  05 

24-84 

9;  18-33-9   21-41-5 

1310 

11*36   — 

26 

—  02 

4-04 

24-22 

10,  I7-99-0   21-06-I 

13*20 

11-24 

,  1 

1 

26 

4-02 

-05 

2477 

»3 

I8*33*3   21*36*8 

13*60 

10-41 

+ 

32 

4- -02 

-r05 

24-40 

14 

17.92.2  '  20-99*8 

1375 

11-36 

•12 

4-02 

4-*o5 

25-06 

16 

l8*II-2 

21*16*3 

13*70 

10*78  4- 

02 

4- -02 

4-05 

2457 

21 

i8*55-6 

21*65-6 

1390 

11*92 

— I 

11 

-j -02 

4-05 

24-78 

24 

l8*22*9 

21*27-4 

1414 

10-64 

— 

'37 

4  02 

4-05 

24-48 

29 

1 8*27 -o 

21-337 

14-56 

1115 

—I 

08 

-f  02 

■i  -05 

24-70 

31 

18*53-8 

21*50*6 

•  14-64 

08*85    +    85 

1 

—  06 

+  07 

2435 
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U.   8.   COAST  AND   GEODETIC   SURVEY. 


GROUP  VIH,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

LaUti 

N. 

S. 

Mic, 

Level. 

Ref, 

Mer. 

1892. 

t.  d. 

t,  d. 

0      /       // 

t      // 

// 

ff 

fi 

0      / 

Feb.    3 

23-34*0 

24*64-3 

21    15   52-92 

-^-o  3023 

-f  -65 

+•01 

4- -05 

21  16  : 

8 

23-80-5 

25-18-2 

5274 

31*94 

-80 

4-01 

4- -05 

12 

23-87-9 

25-25-4 

5277 

31-90 

—  -74 

+  •01 

4-05 

21 

2477-6 

26-17-5 

5304 

3245 

—  -47 

-t-oi 

-I-.05 

23 

23-707 

25  09-7 

5307 

3225 

— i*i6 

-f--oi 

-f--05 

27 

23-967 

25-25-8 

53*30 

29-95  '   f-  '81 

-foi 

4-05 

28 

23-768 

25-16-7 

5338 

32-451  -  1-27 

-foi 

+•05 

29 

23-49-1 

24-90-4 

5346 

32-78 

—2-03 

-f-oi 

+  05 

Mar.    2 

2397-6 

25-36-7 

5357 

32-27 

-    98 

-f-oi 

4-05 

5 

22-997  !  24-45-3 

53-64 

3378 

-258 

4-01 

4*05 

8    2287 -2  !  24-200 

5375 

30-81 

—  -11 

-l-oi 

4-07 

9 

2397  9 

2534-4 

5384 

31-67 

-  -^5 

+  01 

r05 

10 

23-45*8 

24-801 

5392 

31-16 

-82 

f-oi 

4-05 

13 

23-53*4  124-91  6 

5424 

32-06 

-163 

4-04 

-06 

14 

23-687 

25  05-0 

54-35 

31  62 

—1-45 

^•01 

-r  -05 

16 

23-590 

2492-8 

5450 

3104 

-1-57 

-r-04 

t  -06 

21 

23-58-2 

24-94-6 

54-76 

31-64 

— 1-70 

4-01 

4-05 

n 

23-56-1 

24-91-5 

5491 

3i-4« 

—1-68 

4--OI 

+  07 

24 

2341-2 

24-74-9 

5501 

31*02 

-1-38 

4- -01 

4-05 

29 

24-16-2 

25-52-3 

5554 

3».57 

—211 

—  07 

-,--07 

30 

2377-8 

25-15-4 

5560 

31-92 

-2-79 

4-01 

-1-05 

•  2 

31    23-66-5 

24-94-5 

55-66 

2969 

-•65 

4-01 

ro5 

Apr.    6   24-39*2 

2565-3 

5604 

2925 

—  -90 

ro3 

4-06 

9 

24-04-5 

25-29-8 

5642 

29-07 

-  -17 

4-01 

-1-05 

10 

24-27-7 

25-55-3 

5654 

■  2960  — I -06 

4-01 

4-05 

15 

23-79-0 

2504-8 

56-92 

2918!  —216 

—  07 

4-07 

16 

24*60-4 

25 -80- 1 

5697 

2777  i  —  42 

4--01 

4-05 

17 

24-37-1 

25*447 

5  7  02 

24-96 

4-2-27 

—  03 

4-04 

19 

24-683 

25-88-2 

57-18 

27-81 

—  -62 

4--OI 

4-05 

20 

24-697 

25-91-1 

5728 

2816 

— I- 12 

4-01 

4-05 

21 

25-08-9 

26-31-7 

57-38 

2849 

—  *97 

4- -01 

4-*o5 

23 

23-81-6 

2500-8 

57*6o 

27-65 

—  -72 

4.-OI 

4- -05 

24 

23*75-4 

2490-9 

5770 

2679 

+  -17 

4-01 

4-05 

25 

24-16-7 

25-38-0 

5780 

2814 

-1-57 

4-01 

4- -05 

29 

24-34-0 

25 -47  3 

5798 

2628 

-f-    04 

4-01 

4-05 

May    2 

24-60-9 

25 -8 10 

58-13 

27-86 

—1-20 

4-01 

4-05 

4 

2463-4 

25-86-6 

58-31 

28-58 

—2-49 

4- -01 

+•05 

5 

24-795 

25-98-0 

58-42 

27-49 

—1-63 

4-01 

4-05 

6 

23-48-0 

24-58-9 

5853 

2573 

+  *24 

4- -01 

4-05 

9 

24-60-8 

2571-9 

5880 

2577 

-00 

4-01 

4-05 

10 

24-77'7 

25-89-7 

58-86 

25-98 

—  -40 

4-01 

4-05 

II 

25  20-7 

26-35-1 

58-90 

2654 

—  -31 

4-01 

4-07 

15 

24-48-0 

25 -65 -2 

5903 

27-19 

—  -40 

4- -01 

4- -01 

BEPORT    FOR   1892 — PART   II. 


GROUP  VIII.  PAIR  2 


K- 

Hlctomiter. 

„^„. 

Cortet^onB. 

i.a,udc. 

!f. 

S. 

/'";/ 

Lad. 

h 

</■.      Mrr. 

r  ,892, 

1.  4. 

t.d. 

FA.    3 

710-3 

28-86-s 

21  07  58-23 

+824-84 

+ 

91 

-1 

-IS    4- -05 

21  16  24-18 

!        * 

710-a 

18-9.1-7 

58-02 

2654 

+ 

'3 

H 

■15    -f-oS 

24-S9 

693-7 

28-80-0 

58-03 

27-42 

47 

H 

--15    4- -05 

24-18 

7-09-2 

2892-9 

58-26 

26-58 

49 

- 

-•19    4- -04 

n-s8 

;       'J 

6-81-8 

28-65-7 

5828 

26-63 

76 

■IS    4- -05 

24-35 

'7 

7-17-a 

28-94-6 

58-50 

25 12 

4- 

50 

--■5     4- -OS 

2432 

18 

711-3 

28-96-4 

58'57 

26-91 

92 

-■■5    4- -05 

24-76 

29 

7-241 

29151 

58-65 

28-28 

99 

- 

--15    4- -05 

25-14 

Hk.    2 

7U-2 

2901 '8 

58-76 

27-49 

66 

H 

-■15    4- -05 

24-80 

5 

7i8S 

29-10-1 

58-83 

28-42 

6S 

- 

-■'5    4--0S 

S 

694-9 

I8-79-I 

5894 

26-70 

04 

^ 

-■15    +-05 

24-So 

9 

67»-2 

J8S3-5 

59-02 

2603 

67 

^ 

-■15    4--0S 

24-58 

7-09-7 

28-947 

59-09 

26-89 

50 

- 

-15  +-°s 

24-68 

13 

7-69-0 

2847-2 

59-42 

25-31 

74 

-\ 

--04    4- -08 

24-1 1 

14 

7-6SS 

29-472 

59-52 

Z6-.2 

16 

H 

--IS    +-05 

24-68 

S3 

6-81.3 

28586 

25.12 

36 

-i 

-IS    4- -IS 

24-06 

H 

694s 

28-76-4 

26-17 

71 

^ 

-■'S    +-°s 

2486 

V) 

7-00-1 

28-71-6 

00-74 

J3-7S 

• 

-15    4- -05 

24-58 

30 

7-00-6 

28-7 i-j 

oo-So 

I3-S7 

■ 

--15    +-05 

24-46 

3f 

7-39-5 

29117 

00-87 

2392 

33 

- 

--IS    4- -05 

24-66 

Apr,    6 

S-50-9 

29.23-7 

01 -23 

24-06 

78 

- 

--15    -1--07 

24-78 

1             ^ 

7-23-1 

28-97-2 

Di-66 

14-36 

43 

-■'S    4- -05 

2479 

7II-8 

28-84-9 

02-14 

24.12 

6S 

- 

-■15    -f-os 

^4-78 

'7 

7-03-. 

28-77-4 

02-32 

24-40 

48 

4 

-■IS    4- -05 

2444 

'9 

7-61-8 

J9-3'7 

02-48 

23-38 

'5 

H 

-•15    4--05 

24-91 

13 

7400 

290S8 

02-92 

22-43 

-i 

--15    4--OS 

24-55 

J4 

7-177 

28-91-8 

03-02 

22-04 

78 

-i 

--IS    4- -OS 

24-48 

!         ^S 

7-29-7 

28-97-6 

0312 

22-92 

I 

- 

-IS    4- -05 

24-86- 

!9 

7-3a-9 

28963 

03-34 

21-88 

- 

-15    4- -05 

2454 

Ma,    I 

7 -50-6 

29-12-4 

03-50 

21-50 

18 

4 

■IS    4-05 

2502 

4 

7 -48' I 

2920-0 

03-70 

,   23-8S 

-3 

37 

4 

-IS    +05 

24-38 

5 

7-28-2 

28-930 

0380 

64 

4 

■'5    4- -05 

24S6 

6 

7-67-0 

29-27-1 

03-92 

45 

4 

--15    4- -OS 

24-78 

9 

7-IZ9 

2871-0 

04-22 

20-65 

- 

--IS    4- -OS 

24-87 

7-53-6 

2911-3 

04-28 

JO-55 

46 

■15     +•"5 

24-57 

7-25-8 

28-80-9 

04-34 

19-95 

+ 

04 

- 

-ts   4--0S 

24-53 

'4 

7-SJ-i 

2913-1 

04-46 

21-09 

73 

- 

--IS    4-05 

2502 

'5 

7-40-8 

2896-2 

£H-SO 

■15    +-OS 

2450 

IS 

7-5S-2 

29-09-s 

04-70 

1977 

+    >7 

- 

--IS    4- -OS 

2484 
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U.    8.    C0A8T   AND    GEODETIC    8URVEY. 


GROIT  VIII,  PAIR  3. 


1 

Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

latitude. 

.v. 

s. 

Mic. 

Level. 

Ref. 

Afer, 

1892. 

/.  d. 

t.  d. 

0      /         // 

/      // 

ff 

// 

ft 

0     /        // 

Feb.    3 

20-54-9 

M-97-5 

2!    18  3306 

—2  09*31 

-fl*I9 

-04 

4--05 

21    16   24*95 

12 

2 1 -64-4 

1614*2 

32*82 

07*64      -  •19 

—  04 

-I-05 

25*00 

21 

2i'7o-4-  16197 

11'^ 

0775 

00 

—  04 

4-05 

25*30 

23 

21-677  i  i6i5-3 

33*04 

08-15 

-  -13 

—  04 

4-05 

24-77 

27 

21*64*1    i6'04'2 

3324 

09-89'  -+-1*50 

—•04 

4-05 

24*86 

28 

22*25*4    16*75-5 

33*32 

0757      -    -47 

—  04 

4-05 

25*29 

29 

22*26*7 

16*830 

33*39 

06-13    — >*73^ 

•00 

4- -06 

2559 

Mar.    2 

21-42-2 

15-90-7 

33-50 

07*94 

-60 

—  04 

4-05 

24-97 

5 

21*55*4 

16-09-8 

33*57 

06-57 

-1-44 

—  04 

4-05 

25*57 

8 

21*62*5 

16101 

33*66 

08-15  .  —  -i6 

—  04 

4- -05 

2536 

9 

2176*9 

16*23*2 

33*74 

0845     -h  -13 

— -oOj  -|-*o6 

25-48 

10 

21-46*0 

I5-94-4 

33*82 

07*96 !  —  *49 

—  04    4-05 

25-38 

>3 

22*21-7    16*64*5 

34*  H 

09-26     -f    16 

-04 

4-06 

25*06 

23 

21-88-4;  16*34-5 

34*8i 

08*50    — 106 

-^-04 

-T--05 

^5*26 

24 

21*91-9  i  16*36*9 

34*91 

o8*75  '   —1*08 

—  04  1  4-*o5 

25-OQ 

29 

22-o6*i  ■'  1 6*45 -o 

35*44 

10*17  1  +    19 

—•04    -J--05 

25-47 

30 

21*53*2 

1591-5 

35*5> 

10*31  1  —    11 

—  01     -I-06 

25*14 

31 

22*24*5 

16-65*0 

3558 

09-80       -  -24 

-04    4-05 

25*55 

Apr.    9 

21*64*6 

16*01*4 

36-36 

10*65    —  -35 

-  06     -f*04 

25-34 

14 

21*50*6 

i5-85'6 

36-85 

II  *o7     —  *42 

-04     -t-05 

2537 

17 

22-28*1:, 

J6-55-0 

37*02 

12*95;  +115 

—  04 

4-*o5 

25-23 

18 

21*50*1 

•15*77*0 

37-10 

12*95  1  +  *75 

--*OI 

4- -06 

24-85 

19 

22*13*3 

16*45*2 

37-18 

1179;  —   06 

—  04 

-f-05 

25-34 

20 

22*85-5 

17*19*2 

37*28 

11*37  '  —  *i8 

— *I2 

4-*o7 

25*68 

21 

2i*7ro 

1601*5 

37*39 

12*12 

—   '26 

—  09 

4-09 

25*01 

23 

21*57*4 

15-87*7 

37*62 

12*16 

-  -35 

—  04 

4- -05 

25-12 

24 

2i*74'8 

16-01*9 

27*73 

12-90 

+  -08 

-04 

4*05 

24*92 

25 

22*05*6 

i6*37*t3 

37*83 

1177 

-    89 

—  04 

-h-o5 

2518 

29 

21*82*7 

1607-0 

38-06 

13*55 

-j-    *2I 

—  04 

->-*oo 

24*68 

May    I 

22*03-1 

16-30-6 

38-15 

12*81 

-  -15 

—  04 

4--05 

25*20 

2 

22*24-8 

16-45*7 

38*22 

H-34 

4-  -59 

— 'OI 

4-06 

2452 

4 

21*63-2 

1 6*99*4 

38*40 

io*79 

—2*26 

—  04 

4-05 

25*36 

5 

22*22*4 

16-52-5 

38-52 

12*21 

-   97 

-04 

4- -05 

25*35 

6 

22*20*3 

i6*45*3 

3ii*63 

13*39     4-  -17 

-04 

4-05 

25-42 

10 

22*26-0 

16*48*2 

39-OI 

1404  1  -\-    25 

—  *04 

-h*o5 

25*23 

II 

21*50*2 

15*710 

39-06 

#14*36    -f-    17 

,  —02 

4-05 

24*90> 

14 

21*85*6 

1 605  "9 

39*18 

14-48     4-  -26 

,  —04 

4-05 

2497 

15 

22*08'0 

16*29*5 

39*22 

14*20 

4-  *5i 

—  04 

+  05 

25-54 

18 

22*82*7 

16*98*9 

39*42 

1 

15-43     -f' '44 

—•04 1  -f*o5 

i 

1 

25M4 
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RemdU  from  obHervations  for  the  variation  of  latitude  at    Waikikiy 

Hawaiian  Islands. 


GROUP  Vlir,  PAIR  4. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

j\r. 

S. 

Afic. 

Level. 

Ref. 

Mer. 

1 

1892. 

/.  J. 

i.  d. 

0     /        // 

/      // 

// 

// 

// 

0      /       // 

Feb.   3 

8*23-3 

24-880 

21  09  56*68 

+6  26-18 

4-1*50 

+  *I2 

+  05 

21    16  2453 

8 

9-20-9 

25-90-3 

5643 

2728 

-h  -84 

-f-12 

-f-05 

24-72 

12 

8-66-8 

2S-37-3 

56-36 

27*53 

+  *3i 

-f-*I2 

-f-05 

24*37 

21 

8*47-6 

25-21-9 

5653 

28*41 

—   30 

-f*I2 

-f-05 

24-81 

27 

8-38-8 

25*04-8 

56-70 

26-49 

-fi-67 

-f-12 

-f-05 

25-03 

28 

8-9r6 

25-62-4 

56-76 

27*60 

-{-  -17 

-h*I2 

-I--05 

24-70 

29 

8*5 1 -6 

25-28-7 

5684 

29-06 

—1*41 

4--I2 

+•05 

24-66 

Mar.  2 

7-95*5 

24*66-9 

5694 

27-74 

-  -46 

-f-12 

+•05 

24*39 

5 

8-59-5 

2536-9 

57-00 

29*13 

— 1*26 

-I--I2 

-f-05 

25-04 

8 

9-53-7 

26*29-5 

5708 

2876 

—  -95 

+  -I2 

-f-05 

25-06 

9 

8-3 1 -8 

25-05-0 

57«3 

28-16 

—  -32 

-f-12 

+  05 

25-14 

10 

8-98-8 

25-69-1 

57'22 

2748 

—   28 

+  -12 

-f-05 

24-59 

*3 

9'297 

25-96-0 

57*54 

26*56 

-f  -10 

-f-12 

+  05 

24*37 

21 

8-41 -I 

25- 18-7 

57-57 

29*18 

— 2*11 

-f-08 

+  05 

24*77 

23 

8i6-o 

24-86-9 

58-21 

27-62 

—  I -20 

-f-12 

-f-05 

2480 

24 

8-OI-5 

24-70-5 

5831 

2718 

—   -90 

-f-12 

-fo5 

24-76 

29 

8- 1 8-4 

24-80-1 

5886 

2549 

+    -40 

-f*I2 

-f-05 

24*92 

30 

8-09-8 

24737 

58-93 

26-00 

—  •«9 

-f-12 

-f-o5 

24-91 

,     31 

9*91  •  I 

26-50-5 

5900 

24*96 

+  -67 

-f-12 

-f-05 

24-80 

Apr.  6 

8-49-5 

25- 10-7 

5942 

25*37 

-    *25 

-f-o6 

-f-o8 

2468 

9 

9'i7'0 

2579*0 

59-80 

25-56 

-  *48 

-f--I2 

4- -05 

25-05 

>3 

8-55.8 

25-11-5 

10  00*26 

24-10 

-f    *I2 

-fl2 

4-05 

2465 

14 

8-397 

24-98-8 

0O-33 

24-89 

—     31 

-f-*I2 

4-05 

25-08 

17 

8749 

25*29-6 

0052 

2386 

-f    -10 

-f-12 

4--05 

24*65 

18 

8-83- 1 

25-38I 

oo-6o 

2393 

-f  '33 

-f-12 

4-05 

2503 

19 

8*92-3 

25-46-6 

00-68 

23*77 

+  -19 

-f-12 

4--05 

24-81 

20 

9'45'4 

26-03-9 

0078 

24*75 

—   40 

+  *I2 

4- -05 

25*30 

23 

8-97*6 

25-507 

01-15 

23*49 

—  -19 

-f-*I2 

4--05 

24-62 

24 

8-298 

24-81-0 

01-27 

23-05 

—  *o5 

-f-12 

4-05 

24*44 

w       ^5 

8-50-8 

25-05-5 

01-37 

23-98 

—  *74 

-I--I2 

4-05 

24-78 

.  Mty   I 

9*i8-6 

25-70-2 

OI-74 

23-15 

—   -12 

-f-12 

4--05 

24-94 

2 

8-94*4 

25-42-2 

01 -8 1 

22*26 

4-  -70 

-f*I2 

4-05 

24-94 

4 

900-3 

2546-5 

0200 

21*89 

-f  -60 

+*I2 

4--05 

24*66 

5 

9*48-9 

26-03-9 

02- 1 1 

23*93 

—I'll 

4-14 

4- -05 

25*12 

6 

9-20-6 

2565-6 

02-24 

21-61 

-f  -84 

-f*I2 

4-05 

24*86 

7 

8-50-5 

25-01-0 

02-37 

22*89 

—   37 

-I--I2 

4--05 

25*06 

9 

8-27*7 

24737 

02-58 

21*85 

—  02 

-f-io 

4--05 

24*56 

" 

9-01-0 

25-45-5 

02-73 

21-50 

+  *39 

-f-12 

4--05 

24-79 

'           14 

8-38-7 

24-84-0 

02-86 

21-68 

*i8 

-f-12 

4-05 

24*53 

15 

905-7 

25-49-7 

02*90 

21-38 

+  -07 

-h*I2 

-fo5 

24-52 

18 

850-9 

24-89*6 

03*13 

20-15 

+  1*35 

-t-I2 

4-05 

2480 

22 

8-57I 

24-977 

0350 

20-59 

-f  -76 

-f*I2 

4-05 

25  02 

23 

9'25*i 

25740 

0358 

22-52 

—  -69 

-f-12 

4--05 

2558 

8.  Ex.  37—0 


U.   8.   COAST  AND  GEODETIC   SURVEY. 
GROUP  VIII,  PAIR  $. 


[>>M. 

Mlciometcr. 

M»i>  >pp. 
Dec. 

Co.r« 

ions. 

L.mud.. 

;v: 

S. 

Mic. 

U«tl. 

Rtf. 

Mir. 

i89«. 

/.     d. 

1.  d. 

„ 

F«b.    3 

33'34'3 

,3.70-3 

31  ao  07-75 

-3  43-61 

+  -96 

—-07 

+  ■05 

31    16  35-08 

3386-3 

H-I8-0 

07-46 

4463 

+  171 

—07 

+  -05 

34-51 

33S8-. 

■3-93-9 

07-37 

43-68 

+  I-03 

—  07 

+  ■05 

Z4-69 

23-840 

14-23-7 

07-51 

427a 

+   -'4 

—  09 

+-05 

24-83 

"3 

J3S78 

1397-6 

07-48 

4375 

-  -39 

—05 

+-05 

24-44 

87 

I378-I 

1411-1 

0764 

4435 

+  '■49 

—  ■07 

+■05 

34-76 

as 

3366-0 

14-10.S 

07-70 

41-66 

-0-96 

—  07 

+-0S 

35-06 

39 

33-67-3 

14-117 

07-78 

41-68 

-'■'3 

-'5 

+  -08 

34-90 

Mar,     J 

I3-38-3 

I3-8I-3 

07-89 

43-0 1 

-  -75 

—  07 

+  ■05 

35-11 

5 

24054 

.448-1 

07-96 

42-08 

-104 

—  07 

+-05 

34-83 

9 

3z-6g-4 

13-059 

oS'08 

43-29 

+  -19 

--07 

+-OS 

14-96 

i4'57'5 

14-946 

08-17 

4338 

—  -4" 

—07 

+■05 

3436 

'3 

Z3-52.a 

13-91 -I 

oa-49 

43-IO 

—    34 

-.09 

+  ■05 

3511 

23-360 

i3-8:-6 

09-05 

41-41 

-3-38 

+  .04 

35  19 

'3 

33-68-9 

14-08-3 

09-20 

42-87 

-1-39 

--07 

+  ■05 

14  91 

=4 

a3-8i-3 

14-22-1 

09-29 

42-75 

I-7S 

-07 

+  05 

2*77 

29 

H-i3-7 

13'S9'3 

09-86 

46-05 

+  -63 

-■07 

+  ■05 

34 -41 

30 

23-80-8 

1 4-06-6 

09-95 

46-00 

+  -43 

—07 

+  ■05 

2436 

3' 

33-310 

13-60-0 

4S-36 

+  :*^ 

—  07 

+-OS 

35-30 

Apr.    6 

»3-44-6 

14-73-4 

IO-47 

45S3 

+-04 

24-76 

9 

23- 604 

13-89-0 

10-87 

45-35 

~  -31 

—-09 

+-OS 

35-17 

M 

23-87-I 

I1-45 

46-65 

—  -33 

—07 

+■05 

24-46 

«S 

33-36'o 

'3'597 

115^ 

46-49 

+  -04 

+  ■09 

J5-04 

i6 

23-31-7 

13-57-2 

.158 

46-07 

-  -70 

—07 

+^5 

14-79 

IS 

23'06'2 

13-27-0 

11-74 

47-16 

+  -65 

-'S 

+-08 

25-16 

"9 

*37S-S 

13-95-4 

i«-83 

47-37 

—  .06 

—  07 

+-OS 

24-3« 

33 

2370-3 

'3-93-9 

12  3» 

46-49 

-  -37 

—  07 

+■05 

25S4 

14 

23.35.1 

'3-54-0 

12-46 

47-63 

-  .07 

—-07 

+-OS 

14.75 

as 

33-46-7 

13-68-S 

1356 

46-93 

—  -60 

—  07 

+-OS 

35-01 

M.T     3 

=3-56'9 

i3-7'-8 

13-06 

4853 

-f  -15 

—-07 

+-OS 

34-66 

* 

23'48'3 

'3-54-4 

13.26 

50-55 

+  '■99 

—-07 

+ 

OS 

34-68 

S 

33.83-9 

1404-3 

'3-39 

47-27 

—  1-24 

—-07 

+ 

OS 

34-86 

9 

33-71-6 

13-80-3 

14-07 

51-08 

+  1-34 

—  07 

+ 

OS 

»4-2I 

«4 

33-5S-4 

,3-66-s 

14-23 

50-11 

+  -32 

—.04 

+ 

06 

3446 

■  S 

33.36-6 

«3'39-8 

'4-53 

5'-24 

+'■59 

—  07 

+ 

05 

J4-86 

33-59-0 

13-70-3 

14.94 

49-39       097 

--07 

+ 

OS 

34-56 

^3 

a3-33-4 

13-46-7 

15-02 

48.90    -,07 

-07 

+■05 

35-03 
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RetulU  from  abstrvati&nsfor  the  variatioH  of  latitude  at   Waikikiy 
Mauiaiian  Islands. 

GROUP  VIII,  PAIR  6. 


Diile. 

Micioneler. 

„„,„ 

CorrecOpm. 

L.lHud(. 

JV. 

S. 

MU, 

Ln-cl. 

Rtf. 

M.r- 

1891. 

1.  d. 

1.  d. 

t.     /          // 

F=b!^    3 

22783 

14-19-6 

21   19  43-28 

-3  19-20 

«9 

--07 

+  06 

21   16  23  88 

8 

22448 

.382-2 

4298 

+  1 

02 

07 

+-06 

23-88 

aa-oS'S 

I3S7'2 

4286 

17-49 

07 

f.06 

2422 

13 

aa-3S-2 

1 J  85-1 

4»'9S 

17-21 

57 

07 

+  ■06 

24-16 

n 

MS9-6 

1398-9 

43-08 

.9-67 

+ 

55 

07 

-h-06 

»3-95 

38 

*2js-3 

13865 

4314 

.691 

66 

07 

■h  06 

24-56 

Mar.    2 

aaaas 

i3-7»*3 

43*31 

17-46 

—I 

28 

— 

07 

+  06 

2456 

5 

»a-4t>-5 

'3939 

43-37 

16-40 

94 

07 

-I--06 

25-0  J 

8 

aa-3ai 

138.2 

43'44 

17-40 

29 

^- 

-r-06 

2482 

9 

21-93-9 

1 3-422 

43-47 

'7-S8 

68 

07 

+  06 

24-20 

2208-4 

1 3-550 

4357 

1798 

84 

07 

+■06 

^4-74 

13 

aaso7 

13946 

43-87 

18-60 

26 

07 

-h-06 

2400 

22-46-0 

13-92-0 

44-41 

i8.|i 

88 

05 

-f.06 

2443 

»3 

22-76-. 

14-24-2 

4455 

17-63 

38 

07 

+■06 

»4S3 

H 

22  33 '8 

13-69-5 

44.64 

1818 

—  1 

73 

07 

-(-06 

2472 

29 

2i-4a-3 

13-78-0 

4S-ao 

20.50 

+ 

09 

OS 

+  06 

24-So 

30 

22275 

"3-634 

45-29 

20-46 

46 

07 

+  06 

2436 

.       3' 

22-310 

13.690 

4536 

19-97 

90 

07 

i-06 

2446 

Apr.    9 

2257-7 

13-95-2 

46-18 

20^ 

37 

07 

+  ■06 

2471 

'S 

22-22-2 

'3  548 

46-83 

43 

"5 

2414 

)6 

22-68-2 

.401-6 

46-89 

2104 

90 

07 

4 '06 

^394 

'9 

2306-4 

14358 

47-«3 

21-97 

81 

07 

+■06 

M-34 

21846 

13-17-1 

47-35 

2125 

56 

07 

4- -06 

MS3 

'3 

aa-378 

i3-67'3 

47-61 

21-94 

96 

07 

(-06 

2470 

»4 

23-043 

14  3'-° 

477S 

22.59 

77 

07 

-[-■06 

24-38 

»S 

22-S7S 

'3-87-9 

47-85 

21 -So 

40 

07 

+  -06 

24-64 

M.r   2 

22'93-6 

I4'i7'3 

4835 

J3.29 

63 

07 

+  ■06 

24.42 

s 

21-97-8 

13-25-0 

48-67 

22-48 

06 

07 

-t--o6 

24-12 

9 

22-65-6 

13-86-2 

49-8 

24-01 

26 

+  06 

!f4-93 

M 

2aoS3 

13343 

49  5  ' 

2438 

07 

-i-06 

2411 

"S 

22-SS-4 

1376-2 

4957 

2396 

74 

15 

+-10 

24-82 

IS 

22337 

1344s 

4982 

2628 

+ 

44 

07 

+-06 

23-97 

M 

22-910 

14-09-2 

50-23 

>456 

n 

C7 

+■06 

2443 

13 

zi-oi-9 

.3^. 

50-31 

13-64 

-230 

-07 

+■06 

"** 
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U.    8.   COAST  AND   GEODETIC   8UEVET. 
GROUP  VIII,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N. 

s. 

Mic. 

Level, 

Ref. 

Mer. 

1892. 

t.  d. 

t,  d. 

0     /       // 

f      ff 

if 

// 

if 

0     /       // 

Feb.     3 

23*05 -o 

14-03-8 

21   19  52-77 

—3  29*06 

-f  -90 

—06 

-h*o6 

21   16  24*61 

8 

22*22*2 

13-22*7 

52*43 

28*67 

+  '39 

—  06 

+*o6 

24*15 

12 

22'62-8 

13-70-8 

52-28 

26*93 

—1-05 

—  06 

-f*o6 

24*30 

21 

2r86*2 

12-93-5 

5237 

27*09 

— 1*21 

—  06 

-f*o6 

24-07 

23 

22-33I 

i3'42-5 

52-33 

26*61 

—1*36 

—  06 

-f-06 

24*36 

27 

22-37-5 

J3'37-5 

5245 

28-79 

+  -57 

—  06 

-f-06 

2423 

28 

2I-97-0 

I305-4 

5250 

2684 

—1*14 

—  06 

-f*o6 

24-52 

29 

22*l6*2 

13-29-4 

5257 

25*72 

—2*11 

—  06 

-}-*o6 

2474 

Mar.    2 

22*29*9 

13-42-9 

52-68 

2577 

—1*77 

•06 

-f*o6 

25*14 

S 

21-85-2 

1 3-0 1 -9 

52*76 

24-91 

—2*52 

— *o6 

4-*o6 

2533 

8 

21*82*1 

12-82*1 

5283 

28-79 

-f  -06 

—  04 

+•06 

24*12 

9 

22*57-6 

13-67*3 

52*87 

26-54 

— 1-69 

•06 

+*o6 

24-64 

10 

22*64-9 

13*750 

52*94 

26-44 

-1*38 

— *o6 

+  06 

25*12 

13 

22-91-7 

I3-97-5 

5325 

27*44 

— 1*50 

—06 

+•06 

24*31 

21 

22-25-7 

<3-33-3 

5385 

27*02 

—2*08 

—06 

-f*o6 

24-75 

23 

22-06-I 

1 3*  1 3*4 

5400 

2709 

—2*23 

•06 

-f*o6 

24*68 

24 

22*24-2 

13.300 

5410 

27-44 

— 2*20 

—•06 

-f*o6 

2446 

29 

23-09-5 

1405*5 

5470 

29*71 

—  -19 

—•06 

-|-*o6 

24*80 

30 

22-98-1 

"3*937 

5480 

29*81 

—  "37 

—06 

-I--06 

24*62 

31 

22-79-1 

«374-4 

54-88 

29*88 

—  '62 

—06 

-f*o6 

24*38 

Apr.     6 

22*72-4 

13*68*2 

5536 

29*76 

—  1*04 

— *20 

4-04 

24-50 

9 

23-23-7 

14*21*9 

5578 

29-20 

—1-82 

*o6 

-f-o6 

24*76 

16 

22-93-0 

13*86*1 

56-59 

30-39 

—208 

— *IO 

+•04 

2406 

17 

22*99*2 

13*82*6 

56*68 

3264 

—  -14 

*o6 

-f-06 

2390 

18 

22*89-7 

13*78*7 

56*76 

3«-34 

-78 

—06 

-f*o6 

24*64 

19 

22*76-6 

13*66*6 

56*86 

31" 

-1-17 

—  06 

+•06 

24*58 

21 

22-66-6 

I3-55-2 

57-10 

31-43 

— I*i8 

—  03 

+•06 

24-52 

24 

22.53-1 

I3-39-3 

57-53 

3»-99 

-  -54 

—•06 

+  06 

25*00 

May     I 

22-60-7 

13-44.2 

58-18 

32-61 

—103 

—•06 

-f*o6 

24*54 

2 

22*85-7 

I3-68-3 

58-27 

32-82 

-•58 

—  06 

-I--06 

24*87 

4 

22-76-7 

«3-47-5 

58-49 

3556 

-f  -65 

—  06 

-f-o6 

2358 

5 

22-73-1 

1 3-60-1 

5862 

31-80 

— 2*02 

— w 

-f*o6 

24*80 

10 

22-93*0 

13-70*1 

5931 

34-IO 

—  -63 

—06 

-f*o6 

24*58 

15 

22*72*5 

«3'47-5 

59-68 

34-59 

—  -91 

—06 

+•06 

24*18 

18 

22*39*5 

13*08*3 

59*96 

36*02 

-f   66 

—06 

-f*o6 

24*60 

22 

22-13*4 

12-89-5 

20  00  00*43 

34*33 

—1*37 

•06 

-f*o6 

24*73 

23 

22-17-0 

12*95-9 

00-53 

33-68 

—2*34 

—  06 

-f*o6 

24-51 

EEPORT  FOB   1888 — PART   n. 


Results  from  obgervations  for   the  variation  of  latitude  at    Waikiki, 
Saicaiian  Tslandg, 


GROUP  VIII,  PAIR  8. 


D»te. 

Micro  meler. 

M«^,pp. 

CorrstlioM. 

Luiiudc. 

M 

5. 

lific- 

Lniel. 

R,f. 

Mtr. 

1893. 

1.  d. 

/-  d. 

Feb.    3 

24-63» 

"■53-3 

31    21    37-66 

-5  03  8S 

+  ,-07 

08 

+-05 

31    16   3485 

8 

24.72.5 

.1615 

27-29 

04-13 

+  1  10 

08 

+-OS 

2423 

24-69-8 

11-63-6 

37- 12 

03-25 

-f  -60 

08 

+-05 

24-44 

23-44-8 

I0-4I-1 

27-17 

—  -29 

+-05 

2441 

33 

14.32.4 

,.•283 

n-n 

02-53 

-  -3' 

08 

+-OS 

24-26 

a? 

25-381 

1130-0 

2733 

0346 

+  1-44 

06 

+■04 

25-19 

3g 

34-06-2 

11-028 

3738 

02-37 

—     24 

OS 

+  ■05 

24-G4 

»9 

a38s-7 

10-85-0 

27'35 

01-74 

--83 

oS 

+-05 

24-76 

Mar.    1 

*3-93-9 

IO-93-I 

27-45 

08 

+-05 

24'34 

5 

23-94-3 

1 1 -00-4 

37-53 

00-17 

—3-23 

08 

+  ■05 

25-10 

8 

'4-oS-S 

iioi-S 

27-60 

02-44 

-  -45 

oS 

+  -05 

2468 

9 

a3%5 

11-29-5 

27-65 

01-81 

—  1-22 

oS 

+■05 

24-59 

10-80-7 

^Tl^ 

0269 

—   -94 

08 

+■05 

2406 

2403.5 

28-67 

-■■96 

08 

+-05 

2454 

aj 

24n-5 

11-08-6 

28-82 

02-25 

-1-52 

+  -OS 

3503 

34 

24-38  ■ 

11-31-5 

2S-91 

03-11 

—'-34 

oS 

+  ■05 

24-43 

29 

24-03.6 

10-86-9 

39-55 

05-45 

+    -03 

08 

-l-os 

2410 

30 

14-31-4 

II-22-S 

39-65 

03-88 

—   7" 

08 

+-0S 

25-03 

3' 

24-63.1 

1I-47-J 

29-74 

05-27 

+  -24 

oS 

+  ■05 

24  6S 

Apr.    6 

33-80-0 

10-63-8 

30-26 

05-34 

—  -OS 

08 

+  -05 

24-S4 

9 

34-.8.9 

1 1  01-5 

30-70 

■  05-63 

-  -45 

08 

+■05 

2460 

'3 

a3-52o 

10-29-7 

31-^9 

06-75 

—  -32 

og 

+  -05 

34-19 

■4 

24-60-5 

1141-7 

3' -4° 

05-94 

—  -59 

08 

+-OS 

2484 

16 

34-36-1 

1115-3 

31-58 

06-43 

—  -So 

08 

+  -05 

2432 

IS 

'3-935 

10-67-3 

3177 

oj-66 

+  -85 

oS 

+  -03 

24-91 

19 

24-31 -S 

10-98-6 

3" -89 

06-96 

08 

+-f>5 

24-6S 

33-95-1 

10-73- 1 

33-00 

06-92 

-■79 

^5 

+  ■06 

34-30 

24-03-3 

10-82-4 

3213 

06-43 

—  -7' 

08 

+-*>5 

34-96 

24 

23-73-3 

10-+6-8 

32-S9 

07-73 

—  -24 

08 

+■05 

24-59 

"S 

23-9S-5 

10-710 

32-73 

07-36 

—  -43 

■08 

+■03 

35-00 

May     I 

34-48-1 

11-30-2 

33'33 

0805 

-■69 

— 

+■04 

a4-53 

14-22-1 

10-92-5 

33-42 

08-45 

—  -24 

q8 

+■05 

34-70 

24-33-0 

10-93-8 

33-67 

.0-67 

+  '-57 

+  -OS 

2454 

3397-7 

.0-69-3 

33'8i 

8.9 

-1-09 

08 

+  05 

3450 

23'74'4 

10-408 

34-43 

09-37 

-  -62 

08 

+■05 

24-40 

33.95-0 

10-60-0 

34-56 

9-70 

+■05 

2483 

3400-0 

10-64-2 

34-92 

989 

—  -'3 

+-04 

34-82 

24-3I-8 

IO-93-5 

3582 

10-47 

—  -92 

08 

+■05 

24-40 

23 

33-74-3 

I0-4O-8 

35-94 

9-33 

— a-36 

—  08 

+-05 

3432 
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U.    S.   COAST   AND   GEODETIC   SURVEY. 


GROUP  I,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude.     | 

N. 

S. 

Mic, 

Level, 

Ref. 

Mer, 

1 

1892. 

t.     d. 

t.    d. 

0     /     // 

f      // 

// 

// 

// 

0      /       // 

Apr.     9 

10*52*2 

I4-54-8 

21    14  52*41 

-fl  33-40 

•61 

^-o5 

+•07 

21    16  2532 

19 

I3-76-8 

17750 

5359 

•    3238 

—1*19 

+  03 

4--07 

24*88 

24 

I3-62-2 

17-56-9 

54-28 

31-56 

•82 

+-03 

4--07 

25*12 

25 

13*88-2 

17*86*3 

54-43 

3235 

—1*49 

-f-*OI 

4-04 

2534 

May     I 

1370-5 

17-65-9 

55*11 

3173 

1-86 

+  03 

+  07 

2508 

4 

1 4*  285 

1804*4 

55-44 

27*20 

+  1-48 

-r03 

+-07 

24*22 

5 

14- 1 72 

18*08*7 

5558 

30*82 

—1-43 

-I-03 

4-07 

2507 

9 

1 3*60-7 

17-42*1 

56*24 

28*48 

•26 

4-03 

4--07 

24*56 

lO 

13*69*8 

17*54*0 

56*40 

29*  1 3 

—  -79 

+  03 

4-07 

24*84 

13 

13*25*0 

1703*8 

56*76 

27*88 

—  *IO 

4-03 

+•07 

24-64 

H 

i3-92'5 

17*74*6 

56*86 

28*64 

—1*08 

4-03 

+  07 

2452 

15 

15*09*0 

18*89*2 

56*95 

28*20 

--38 

+  03 

4--07 

24-87 

18 

13*60*9 

1742-3 

57*26 

2848 

-  -54 

+•03 

4-07 

2530 

21 

13*42*1 

17*23-8 

57-70 

28-55 

—1*49 

4-03 

4-07 

2486 

22 

14*01*3 

17*85-7 

57-84 

29*18 

— 2*09 

+  03 

4-07 

25*03 

24 

14*459 

18*15*4 

58' 1 1 

2572 

-r  85 

+  03 

4-07 

24.78 

25 

13*691 

17-48*1 

58*23 

27*92 

-1-55 

4--03 

4-07 

24*70 

26 

I3-65-3 

I7-39-5 

58*32 

26*81 

-  84 

—  01 

+  05 

2434 

28 

I4-43-6 

1817*5 

58*48 

26*74 

68 

4-03 

-fo7 

24-64 

29 

15*18*2 

19*03*6 

58*56 

2941 

—2*97 

-..03 

4-07 

25*10 

June     3 

I3-82-5 

17*417 

59->4 

23-33 

+  1-95 

-T    03 

4-07 

24-52 

4 

14*60*5 

18*40*3 

59-28 

28*  1 1 

—2*59 

-I--03 

-f-07 

2490 

5 

15*07*4 

18*80-5 

59*42 

26-55 

—1*25 

4-03 

4-07 

24*82 

7 

I4-36-3 

17-95-9 

59*68 

23*42 

-f  1*22 

4-03 

4-07 

24-42 

II 

14-44.8 

1806-9 

59-98 

24*00 

4-  82 

4-03 

4-07 

24*90 

13 

13*89*2 

17*510 

15  00*10 

2393 

06 

4-03 

4-07 

24*07 

17 

14*570 

18167 

00-49 

2344 

+  -63 

4-01 

4-05 

24-62 

18 

14*40*0 

18*09*0 

0060 

2560 

— ri2 

4  03 

+-07 

25  18 

19 

13*81*9 

17*57*8 

00*71 

27-20 

—2-87 

-r03 

4-07 

25*14 

22 

14*25*4 

i7-8r4 

00-94 

22*59 

1  1*02 

4-03 

4-07 

2465 

24 

I3-5I-3 

I7II-6 

01-02 

.    2358 

-'^ 

"1-03 

4-07 

2452 

25 

1507*  I 

18*71-3 

01-04 

2449 

-   89 

;  03 

+  07 

24*74 

i 
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Results  from  observatiansfor  the  variation  of  latitude  at   Waikikij 

Mawaiian  Islandn, 

GROUP  I,  PAIR  2. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

1 

Latitude. 

iV. 

S. 

Mi. 

Lrnel. 

Ref. 

Mer. 

i    1892. 

^.  </. 

/.  d. 

0     /       // 

/     /' 

// 

ff 

tf 

a      /     // 

Apr.     9 

1374-3 

15-75-3 

21   17  09-70 

-^  4665     -i  123 

—  02 

+*o5 

21  1624*31 

16 

I4-58S 

16-65-6 

10-76 

4804 

-f-i'92 

— '02 

-f-05 

2467 

19 

14383 

16-43-4 

n-io 

4758 

+    63 

— -02 

4-05 

24*18 

23 

1476-8 

16-79-3 

11-72 

46-98 

—    «3 

—  02 

4-05 

24-64 

24 

14*  163 

I6-22-6 

11-90 

47-86 

-f  -66 

— -02 

+  05 

24-73 

25 

I3-80-I 

16-841 

12-08 

47*32 

—   -21 

— -02 

4-05 

24-58 

May     4 

14-31*3 

16-56-6 

13-34 

5227 

+3-42 

— -02 

+•05 

24.52 

1             5 

14-645 

1676- 1 

»3*5i 

49-09 

—  -'3 

—  02 

4-05 

2432 

i             9 

14-27*3 

1 6-49-8 

14-28 

51-62 

+119 

— -02 

4-05 

23-88 

10 

X4-34-6 

16-54-8 

14-47 

51-08 

4-  -68 

— -02 

4-05 

24-10 

13 

14*  137 

I6-38-8 

14-92 

52-22 

+206 

— -02 

+  05 

24-79 

14 

I4-46-5 

16-681 

15-04 

51-41 

-f-  -90 

—  02 

+  05 

24.56 

«5 

13*991 

16-237 

15*16 

52-10 

-f  1-23 

—  02 

4-05 

2432 

18 

13*91-5 

1617  7 

15-57 

52-48 

-fi-52 

— -02 

4-05 

24-64 

21 

14-39-9 

i6-62i 

1608 

51*55 

+    16 

— -02 

-1-05 

2472 

22 

15-68-3 

17-87-1 

16-26 

50-76 

--  -73 

— -02 

4-05 

24-80 

23 

14*16-2 

16-347 

16-44 

50-69 

—  I-2I 

— -02 

4-05 

24-57 

24 

13-94-4 

16-30-3 

16-59 

5472 

+2-13 

— -02 

4-05 

24-03 

25 

14-42-9 

i6-75o 

16-74 

5384 

+  1-54 

— -02 

+•05 

24-47 

26 

i3-o6-o 

15-36-2 

16-86 

53-40 

+1-28 

—•10 

+-07 

2471 

28 

I4-4D-3 

16-73-7 

17-09 

54- 14 

-fi-14 

—•02 

+•05 

24-12 

29 

13-87-8 

16-23-3 

17-20 

54-63 

4-2-16 

— -02 

4-05 

24-76 

30 

I3-76-6 

16-12-0 

17-31 

54-61 

+1-47 

4- -02 

4-04 

24-23 

June    3 

14-03-6 

16-43-9 

17-90 

55-75 

-f-2-81 

—  02 

4-05 

24-99 

4 

14-09- 1 

16-38-4 

18-08 

52-36 

— I-I2 

— -oo 

4-04 

2464 

5 

14-32-2 

16-66-0 

18-25 

54-24 

4-  -10 

— -02 

4-05 

2414 

6 

14-54-4 

16-89-4 

18-41 

54-52 

4-  50 

— -02 

4-05 

24-42 

7 

i4-»4-3 

16-66-6 

- 18-56 

5853 

-f-3-62 

—-02 

4-05 

2368 

II 

14-59-9 

17-05-8 

18-98 

5704 

+2-14 

— -02 

4--04 

24-10 

13 

14-37-9 

i6-8o-i 

19-16 

56-19 

4-1-50 

— -02 

4-05 

24-50 

14 

14-50-2 

16-90-7 

19-26 

5579 

+  -76 

— -02 

4-05 

24-26 

«7 

13-83-4 

16-33-8 

19-65 

58-09 

-I-2-86 

— -02 

4-05 

2445 

18 

13-89-6 

16-27-7 

19-80 

55-24 

4-  -12 

— -02 

4-05 

24-71 

22 

14-83-0 

17-34-4 

20-24 

58-32 

+2-33 

— -02 

4-05 

24-28 

24 

13-79-5 

16-36-9 

2038 

5971 

+292 

— -02 

4--05 

23-62 

25 

14-69-8 

17-13-5 

20-43 

56*53    +   36 

— -02 

+  05 

24-29 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


GROUP  I,  PAIR  3. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

V 

N. 

S. 

Mic, 

Livel. 

Ref. 

Afer. 

1892. 

t.     d. 

t.    d. 

0     /     // 

f      // 

// 

// 

// 

0     /        // 

Apr.     9 

i9'26-6 

iS-45-3 

21    17  52*96 

—I  2846 

+  -29 

—03 

4--o6 

21    16'  24*82 

16 

2070*I 

17-81-1 

5397 

30-24 

+  '99 

—  03 

4-06 

24*75 

19 

21-017 

17-11-9 

5427 

30-43 

+  *78 

—  03 

4--06 

2465 

23 

20-51-8 

16-61-7 

5483 

3050 

-h    34 

—03 

4-06 

2470 

24 

20-52-8 

i6-59*i 

5500 

31*33 

-f  -86 

—  03 

4- -06 

2456 

25 

2I-IO-7 

iTiTI 

55*18 

3i*»7 

+  -42 

—•03 

4-06 

24-46 

May     I 

21-66-6 

17-69*1 

5600 

32-21 

—    23 

—•23 

4-29 

^^tl 

4 

2I-07'I 

16-97-4 

5637 

35*04 

+3*52 

~*03 

4--06 

24-88 

5 

20-84-3 

16-88-6 

5652 

31-80 

4-  -11 

—  03 

4-06 

24*86 

9 

21-39-7 

17-38-6 

57*26 

33*05 

-f  -14 

—03 

4-06 

2438 

* 

13 

20-89-1 

16-85-9 

57-88 

33*54 

—  -35 

—03 

4--06 

24*02 

14 

21-157 

17-06-0 

5800 

3504 

+1-52 

—•03 

4--06 

24-51 

15 

20-73-0 

16-67-3 

58-11 

34*12 

+  -19 

-03 

4-06 

24*21 

18 

2a78'5 

1 6-69- 1 

5848 

34*97 

+1-26 

—03 

4--06 

24-80 

21 

20-79'i 

16-76-3 

5896 

33*44 

—  -88 

—  03 

4-06 

2467 

22 

21137 

17-12-0 

59H 

33*19 

—  90 

—•03 

4-06 

25*08 

23 

20-75-2 

16-72-1 

59*31 

33*5 « 

-1-41 

—  03 

4--06 

2442 

24 

20-89-3 

16-82-7 

5946 

3432 

—  -42 

—  03 

4-06 

2475 

25 

20-51-6 

16-37-6 

59*62 

3604 

+  -77 

—03 

4-06 

2438 

26 

20-04-9 

15-91-2 

5974 

35*97 

+  -59 

4--OI 

4-05 

24*42 

27 

21-13-6 

17-031 

59-86 

35*23 

-•36 

—  03 

4--06 

2430 

28 

20-55-5 

16-39-1 

59-96 

36-60 

-fi-i8 

—•03 

4-06 

24*57 

29 

20-76-1 

16-555 

18  00-06 

37*57 

4-2-28 

—  03 

4-06 

24*80 

June     3 

21-687 

I7-44S 

00-72 

3841 

-I- 2-06 

—  03 

4-06 

24*40 

4 

21-017 

16-92-3 

00-89 

34*98 

—1-49 

—  03 

4-06 

24*45 

5 

21-64-0 

i7-54'4 

01-06 

35*02 

~ii5 

—•03 

4-06 

24-92 

7 

21-20-5 

16-90-6 

0138 

39*73 

-f2-6i 

—  03 

4--06 

24*29 

II 

21-80-2 

1753-6 

01-79 

3896 

4-1*46 

•03 

4-*o6 

2432 

12 

21-18-5 

16-96-6 

01-88 

37*88 

-f  -44 

•03 

4--06 

24*47 

«3 

21-38-4 

17-27-8 

01-96 

37*57 

+    64 

—03 

4-06 

25-06 

14 

21-02-3 

16-80-2 

02-06 

37*92 

4-  -38 

—03 

4--06 

24*55 

17 

22-027 

17-71-9 

02-42 

39*94 

4-1-97 

—03 

-|--o6 

24*48  ' 

18 

20-99*2 

16-81-3 

02-56 

3695 

-84 

—  03 

4--06 

24-80  1 

22 

20-557 

16-22-2 

03-02 

40-56 

4-1*30 

4-05 

-f-io 

23-91 

24 

20-73-4 

16*46-1 

03-16 

39* « 3 

-h  -06 

—  03 

4--o6 

24-12 

25 

21-11-3 

16-84-0 

03-20 

39*13 

4-   16 

—  03 

4--06 

24-26 
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BetulU  from   observations  for  the  variation  of  latitude  at   WaikiJciy 

Hawaiian   Islands. 

GROUP  X,  PAIR  4. 


Dftte. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

A^. 

S, 

Afic. 

LeifeL 

Ref. 

Mer. 

1892. 

/.  d. 

/.  d. 

0    /    // 

/      // 

ff 

// 

// 

0    /    // 

Apr.     9 

13*99*4 

22*  18*5 

21    13   14-39 

+3   10*02 

+    -21 

+  05 

-f-05 

21    16  24-72 

16 

14*19*3 

22*  27*0 

1550 

0737 

+  171 

-f-05 

-f-os 

2468 

19 

13-83-4 

21*98-0 

15-85 

0898 

—  *i3 

+  05 

4-05 

24-80 

23 

13-5**2 

21*69*8 

16-48 

08-28 

•18 

-f*o5 

-f-05 

2468 

24 

1 38 1 -8 

21*91-9 

16-66 

0793 

-f  -07 

4-05 

4-05 

2476 

Mty     I 

1403-5 

22*11*6 

17-80 

07-46 

—   32 

-f-05 

4-05 

25-04 

4 

13-447 

2I-53-5 

18-22 

0763 

— 1*26 

-f-05 

+  05 

24*69 

5 

13-73-5 

21*78*6 

1845 

06-77 

-   50 

+•05 

4-05 

24-82 

9 

13-95-3 

21-93*4 

19-22 

05-15 

—    18 

-f-05 

4-05 

24-29 

>3 

I3-85-2 

2177*5 

19-94 

03-80 

4-  -47 

-f-05 

4-05 

24-31 

14 

14*29*0 

22*22*7 

2008 

04*13 

-f  -20 

+•05 

4-05 

24*51 

IS 

13*51*7 

21*44*0 

20-22 

03-80 

-f    18 

-f-05 

4-05 

24-30 

18 

13-887 

2177*5 

20*66 

02*99 

4-roi 

+  05 

4-*o5 

24*76 

21 

I3-42-5 

21*39-8 

!2I-22 

0496 

—  1-28 

+  05 

4-05 

2500 

22 

13-99*4 

21-91*7 

21*41 

0380 

—1-16 

-f-05 

+  05 

24-15 

23 

13-75*7 

21*71*9 

21-61 

04-71 

-1*56 

-f*o5 

+•05 

24-86 

24 

13*50*3 

21*39*9 

21-79 

0318 

—  -49 

+•05 

4--05 

24-58 

25 

13-47*9 

21-35-0 

21-97 

02*60 

+  -15 

+  05 

4-05, 

24-82 

26 

1 3*60-8 

21-457 

22*12 

02*08 

-f    16 

+  05 

4--05 

24*46 

27 

13*94*9 

21-78-7 

22*26 

01*83 

+  -52 

-f*o5 

-f*o6 

24-72 

28 

^4*320 

22-17-7 

22*39 

02*27 

—  04 

+*05 

4-05 

24-72 

29 

13*699 

22-48*7 

22*52 

00-67 

+1-13 

+•05 

4-05 

24*42 

June    3 

14-56- 1 

22-28-5 

23-30 

-f  2  59-18 

+1*89 

-f*o5 

+  05 

2447 

4 

14*34-6 

22*22*2 

2350 

+3  02-71 

—1*37 

+•05 

4-05 

2494 

5 

I4-X93 

22*04*8 

23*69 

02*22 

—1*05 

+  05 

4-*o5 

24-96 

7 

14*36-9 

22-18-4 

24*06 

01*30 

-  -55 

+•05 

4-*o5 

24-91 

II 

14-5 1 -6 

22-17*9 

24-59 

+2  5777 

+ri8 

+•05 

4-*o5 

23-64 

12 

14*06-2 

21*79*7 

24*70 

59-44 

-f-   28 

+  05 

4--05 

2452 

13 

14*69-1 

22*42*2 

24-81 

59*35 

-f  -67 

-f*o5 

4--05 

24*93 

•          14 

14*08*8 

2I*8l*0 

2494 

59*14 

+   36 

-f-05 

+  05 

24*54 

17 

14*12*3 

21*91*8 

25-38 

+3  00-83 

— 1*26 

-f*o5 

4--05 

25*05 

18 

13*89*2 
14*58-3 

21*66*7 

25*54 

0037 

—1-42 

-f*o5 

4-05 

24*59 

22 

22*22-0 

26*11 

-f  2  5717 

-fl*I2 

-f-05 

4-05 

24-50 

24 

13-96*4 

21-67-8 

26*30 

5895 

—  *55 

+  05 

4--05 

24*80 

25 

14*26-8 

21*96-8 

26*38 

58-63 

—  28 

+•05 

-f-05 

24*83 

138 
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GROUP  I,  PAIR  5. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

A^. 

S. 

Mic. 

Lewi. 

Ref, 

Mer. 

1892. 

/.  d. 

/.  d. 

0    /    // 

f     ft 

it 

ff 

// 

a      /      // 

Apr.     9 

879-8 

25-361 

21   10  oo*33 

+6  24-24 

-1-  72 

-I--IO 

+  05 

21    16  25*44 

16 

9057 

25-503 

0143 

21*52 

-|-2*22 

-|-*io 

-f-os 

2532 

19 

9-66-6 

26-IO-8 

0178 

2143 

-f-204 

-f -lO 

-f-05 

2540 

23 

8770 

25-22-9 

12-39 

21-82 

4-  -68 

-f-io 

+  05 

25*04 

24 

9-327  '  25791 

0258 

2194 

-f    61 

4-*io 

+  05 

2528 

25 

9  23-5|25-69i 

1277 

2175 

-f  -15 

4-*io 

-I--05 

2482 

May     I 

9-24-4 

25-663 

0371 

20-90 

+  -27 

+-06 

4-04 

2498 

4 

9-33'4 

25-759 

0414 

21*04 

—  '41 

-j-*IO 

+  05 

2492 

5 

9o8*9 

25-49-8 

0430 

20-66 

-f-    20 

4- -06 

-I-06 

25-28 

9 

8-57-8 ;  24-93-8 

0512 

>9-53 

-f  -26 

-f-io 

+-05 

25-06 

13 

9ir4 

25-41-6 

0585 

1818 

-h  -67 

,  -f-io 

.  4-05 

2485 

14 

8-90-4 

25-21-6 

0598 

18-41 

+  -10 

,  -h-io 

+  05 

2464 

15 

8-27I 

24-56-0 

06-12 

17-88 

+  -48 

f--o6 

-f*04 

24*58 

18 

9'Z^'i 

25-62-4 

0656 

16-81 

-fi-44 

-f*  10 

-f*o5 

2496 

21 

9-09-9   25*2i-i 

07-09 

1377 

+389 

-f- 10 

+  05 

2490 

22 

9-42-8   2576-8 

07-30 

19-06 

—  1-47 

4--IO 

1  -fo5 

25-04 

23 

■    8-54I ,  24-90-7 

0752 

19-67 

—1-98 

-f-io 

!  +-05 

2536 

24 

1   9-63I ,  25-89-2 

07  70 

17-23 

-f  -M 

-f-io 

'  +-05 

25*22 

25 

8-98-9   25-20'8 

07-88 

1626 

4-  -76 

-f-io 

+  05 

25-05 

26 

.   9-i6-8 1  25*39-6 

08-03 

1647 

-f  -31 

-f- 10 

,  +05 

24-96 

27 

878-3 '  25-000 

08-18 

1621 

-  -03 

4--IO 

:  4--05 

2451 

28 

9-09*2 

25-320 

0830 

1647 

-f    40 

-f  10 

+  05 

253^ 

29 

9I5-8 

25-350 

0843 

1563 

4-  -93 

-j-IO 

+•05 

25  14 

June     3 

9-450  25-59  7 

09-22 

14-59 

-f  1-02 

4-IO 

+  05 

24*98 

4 

9-80-2   26-02-9 

09-41 

16-44 

—no 

-I--IO 

+  05 

24*90 

5 

9-53-3 

25*76-o 

09-61 

16-44 

-96 

-j-IO 

4--05 

25*24 

7 

9-61-5   2578-3 

09-98 

1507 

-f  06 

-f-'IO 

4-05 

25*26 

II 

9-31-2   25-40-6 

1052 

13-36 

-fl'OI 

-f-*IO 

4--05 

25*04 

12 

9-33-9   25-49-2 

1063 

14-73 

—  05 

-f*IO 

4--05 

2546 

13 

9787 

25-87-5 

10-74 

1322 

-f  -74 

4--IO 

4--05 

24*85 

14 

912-5 

25-24-7 

10-86 

14-01 

•00 

-f*io 

4--05 

25*02 

17 

9-62-1 

25-783 

11-30 

1493 

—1*28 

-j-*IO 

4-05 

2510 

18 

895-6 

2510-4 

1148 

14-61 

—1*04 

-|-*io 

4-05 

25*20 

22 

9-61-7 

25-65-9 

12-05 

1215 

+  -77 

-f--io 

4-05 

25*12 

24 

940-9 

25-46-0 

12-24 

1236 

-f    *OI 

4--I0 

4-05 

2476 

25 

9-23-2 

25-30-I 

1233 

12*78 

06 

4--IO 

4-05 

2520 
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Betnlti  from  observation*  for  the  variation  of   hUitud^  at   Waikildy 
Hawaiian   Islands. 

GROUP  I,  PAIR  6. 


D.,.. 

«,„ 

»«,,. 

M„.„„, 

C^^ 

... 

L.,i,ud.. 

AT. 

S. 

Mic. 

Ln«l 

Rtf. 

Mir. 

1892. 

t.  d. 

l.d. 

// 

April    9 

aSSo^ 

13-06-4 

2i    31    12-44 

_4  48-64 

+  77 

-■09 

+-06 

21   16  24-54 

2SK.-9 

13-7^7 

-3-86 

50-03 

-f  -56 

—  09 

+■06 

24-36 

3610-3 

>3S99 

14-46 

50-05 

+  -29 

—■09 

+-06 

34-67 

35.33-6 

I2-77-9 

14-64 

S"-3o 

+.10 

--09 

+-06 

24-41 

2S-33S 

12-839 

14-84 

49-89 

-  -07 

-^7 

-f-oS 

34-86 

M.y  '1 

^"^i"5 

I3-270 

1578 

51-02 

—  -30 

—  13 

-fos 

24-3« 

2616-5 

13-650 

1619 

So-33 

-  ;«9 

-■09 

H-06 

2494 

JSSo-i 

12-94  3 

16-36 

5'-33 

—  0^ 

+■06 

34-78 

iS-31-9 

17-16 

5»74 

+  "Is 

—-09 

+-06 

a4S4 

2SS37 

17-90 

54-25 

■1-  -82 

--09 

+■06 

24-44 

2S34'i 

11-664 

18-04 

54-09 

^-  38 

—09 

-05 

2430 

35-440 

1 2-77-1 

i8-:8 

53*9° 

+^-38 

—  09 

+  06 

24-63 

3S-6fr6 

13-94-9 

1 861 

55-02 

—  09 

+-06 

24-68 

astoi 

.3-94-8 

1916 

S3-53 

-  -77 

—  09 

+■06 

34-83 

aS'Sfri 

13-91-6 

19-36 

53'.M 

■-'■33 

--■09 

+■06 

24-66 

21 

35-156 

1 3-5 1 -3 

19-56 

53-30 

-149 

—09 

-h-06 

24-74 

H 

35-13-8 

"435 

'9-75 

54-69 

-  -49 

—  09 

+-06 

24-54 

«i 

2576-9 

13-02-2 

1993 

S57I 

1-   SS 

—09 

+-06 

2474 

rf. 

*5S4-7 

,3-78-6 

20-oS 

56-04 

-1-  -58 

—09 

-I.-06 

2459 

a; 

24-95-0 

12-I8-6 

20-24 

56-11 

+  -"3 

—09 

+■01 

34-18 

iS 

3542-7 

12-67-8 

20-36 

SS-76 

—09 

-^-06 

24-57 

29 

2S-27-6 

13-47-4 

56-99 

+  1-15 

—09 

+-06 

24-62 

J»»c    3 

35-OJ-8 

35-7S-4 

13*359 

2I-t8 

56-45 

—  -'4 

—  09 

+-06 

24-66 

,303a 

21-48 

SS83 

-  -93 

—09 

+-06 

24-69 

36-067 

I3-I9-5 

2168 

56-29 

-  -65 

—  09 

+  06 

24-71 

36-74J 

1 3-84-8 

33-61 

59-'4 

4-104 

—  09 

+■06 

34-48 

25-81-2 

,2-93-7 

2284 

58-68 

+  -45 

-09 

+-06 

24-58 

36-iro 

13-39-7 

3296 

58-64 

-f    -12 

—  09 

+■06 

34-41 

3S-883 

13-02-4 

2J-4' 

58-29 

—  -92 

--OS 

+■05 

24-20 

35-69-3 

13-84-9 

>358 

-4  5796 

-  -89 

--09 

-f-06 

24-70 

3S-880 

I2-90-7 

24,8 

-5  00-96 

+1-56 

—■09 

+■06 

34-75 

^ 

25-99-5 

131 1-3 

*4-38 

-4  58-84 

--78 

—09 

+-06 

*4-73 

»5 

^5-47-4 

"'" 

24-48 

S9-54 

-    '3 

—-09 

+-06 

34-78 
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GROUP  I,  PAIR  7. 


Date. 

Micrometer. 

Meanftpp. 
Dec. 

Corrections. 

Latitude. 

N, 

S. 

Afic. 

Level. 

Ref. 

Mer, 

1892. 

/.  d. 

t.  d. 

0      /      ff 

/      // 

// 

// 

// 

0         /       // 

April    9 

I5-49-8 

l8*22*5 

21    15  20-28 

-fl  03-26 

-f  -54 

-f-02 

+  06 

21  r6  24*16 

19 

I4-83-8 

17*50-4 

21*74 

01-85 

-f  *85 

4- -02 

-f*o6 

2452 

23 

I5-27-4 

1 7*9 1  9 

22*36 

01*36 

+    65 

-j-*02 

-f*o6 

24*45 

24 

i4'95-5 

17557 

22*56 

0036 

+  119 

-f-02 

-i-*o6 

2419 

25 

I4-97-8 

17*591 

22-75 

00*62 

+  -45 

4- -02 

-|-*o6 

23*9^ 

May     1 

I5-82-0 

18*44*8 

23*76 

00-97 

—   09 

4- -02 

-f-06 

24*72 

4 

15-517 

1 8*  12*4 

24*20 

00*48 

—  n 

-{-•02 

4- -06 

24-63 

5 

I4-87I 

1745-7 

2437 

59*99 

—  •»5 

-|-*02 

-f*o6 

24*29 

9 

15030 

»7-57-3 

2522 

5899 

—   -12 

-f*02 

-f-*o6 

24-17 

13 

I4-65-6 

I7I2-4 

26-02 

57*25 

+  *63 

-|-*02 

-f*o6 

23*98 

14 

I4-6SO 

I7IO-4 

26*  1 7 

56-93 

-f  -92 

4- -02 

-f*o6 

24*10 

15 

1 5  •42-9 

I7-90-3 

26*32 

57*39 

+  -11 

4-*02 

-fo6 

23*90 

18 

1 4-90*2 

i7-3"-7 

26-78 

56*02 

-j-I*62 

4- '02 

4-06 

2450 

21 

14*62' 1 

1709*7 

27-38 

57*44 

—   27 

4- "02 

-f-o6 

2463 

22 

i5-3>7 

"7-33-1 

27-60 

5832 

—1*23 

4-*02 

4- 06 

24-77 

23 

1478-9 

17-27-2 

27*81 

57*60 

—113 

4- "02 

4- -06 

2436 

24 

1 5-80*4 

18*26*3 

2802 

57*04 

-78 

4- '02 

+*o6 

24*36 

25 

i5-3»-2 

17*66*0 

28-22 

54*47 

-f  1*26 

4" '02 

+  06 

2403 

26 

15*070 

17-44-8 

28*39 

55*17 

+  77 

4- -02 

-fo6 

24*41 

27 

15*311 

1770*6 

28-56 

5556 

+  -14 

4-09 

-fo5 

24*40 

28 

I5-28-4 

17-633 

28-71 

54*49 

-f  rio 

-f  *02 

4--o6 

24*38 

29 

15199 

17-53-2 

28*86 

54*12 

-(-I-28 

4- -02 

+•06 

24*34 

June    3 

I5-56-2 

i7-9ri 

29-70 

54*49 

■f  -31 

4- '02 

+•06 

2458 

4 

14-99.3 

I7-33-1 

29-92 

54*24 

—  'lO 

4- -02 

4--o6 

24*14 

5 

15-83-2 

18-16-3 

3014 

5408 

—  -07 

4- '02 

-fo6 

24*23 

7 

15*30*7 

17-60-5 

30-56 

53*31 

-f   *22 

-j-02 

-fo6 

24*17 

II 

I5-32-3 

«7-53-3 

31*20 

5127 

+  1-80 

4- -02 

4- 06 

2435 

«3 

i5-4r5 

17-66-2 

31-46 

52-»3 

+  -87 

4- -02 

4-06 

24*54 

17 

1570-8 

1 7-98- 1 

32-10 

52-73 

—  -53 

4- -02 

4-06 

2438 

18 

15*470 

1 7  69-0 

3228 

51-50 

+  -18 

4- -02 

4-04 

24*02 

22 

15*271 

17-38-8 

3298 

49-11 

4-1*85 

4-*02 

4-06 

24-02 

24 

I5-3QI 

1 7-44-7 

33-22 

49*78 

-f  -24 

4- -02 

4-06 

23*32 

25 

15*80*5 

17*95*4 

3334 

49*85 

+  -37 

4" -02 

4- 06 

23-64 

GROUP  I(,  PAIR  I. 


1892. 

/.  d. 

/.  d. 

0     /      // 

/      // 

if 

// 

0       /     // 

May  22 

7*38-6 

28-52*8 

21  08  14*84 

4-8  10*46 

-•63 

+•14 

4-05 

21  16  24*86 

25 

7-65*5 

28*64*9 

15-57 

0703 

+  •85 

+-M 

4-05 

2364 

28 

8*13*5 

29-08-8 

16*19 

0608 

+  i-8i 

+•14 

-f-05 

24-27 

June     7 

9*42*4 

30*35*9 

1833 

05*66 

+  -06 

+•14 

+  •05 

2424 

II 

8*69-9 

29*52*6 

19*16 

03*  16 

-f-i-oo 

+•14 

■f-os 

^y'i^ 

n 

7*74*4 

28-61*0 

19*51 

04*06 

+  •64 

+•14 

4-05 

24*40 

14 

7*32*1 

28*18*4 

19*68 

03*99 

+  •44 

+•14 

+•05 

24-30 

18 

7*64-0 

28*53*7 

20-52 

0478 

— i-o* 

+••4 

-l-os 

2447 

23 

776*4 

28*517 

21*62 

01 -44 

+  •54 

+•14 

-l-os 

23-79 

25 

7*67*9 

28-45-4 

21*96 

01-95 

—  -01 

+•'4 

+•05 

24^ 
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Results  from  observations  for  the  variation  of  latitude  at   Waikikiy 

Hawaiian  lela/nds. 


GROUP  II,  PAIR  2. 


Date. 

f      Micrometer, 

Meanapp. 
Dec. 

Corrections. 

Latitude. 

A^. 

S, 

Afic. 

Z«///. 

Re/, 

A/er. 

1892. 

/.  </. 

/.  d. 

0      /      // 

/      // 

// 

// 

// 

0        /      // 

1  May  22 

»6-93-3 

I7-9SO 

21   16  00*98 

-f  0  23-59 

—  -24 

-f-oi 

+•05 

21    16  24-39 

^i 

i6'5f2 

1 741 -4 

OI-74 

20-92 

-fl-41 

4--OI 

-I-05 

24-13 

!            28 

16774 

I7-62-6 

02-38 

1976 

+  1-94 

+•01 

+-05 

24-14 

June    7 

i7*2i-6 

18027 

0458 

18-81 

+  -68 

-f-oi 

+-05 

2413 

II 

I7-I2-0 

i7'S6'3 

05-44 

17-24 

H-i-32 

-f-oi 

4-05 

24*06 

13 

17197 

I7-94-7 

05-80 

17-40 

+1-19 

-|-*oi 

+  05 

24-45 

14 

17771 

1850-6 

0599 

1705 

-f  96 

-f-03 

-f-05 

24-08 

17 

I6-83-9 

i7-64*o 

o6-6i 

1858 

-•65 

+•01 

+•03 

24-58 

18 

1 7-02-0 

1777-6 

0682 

1754 

—  -13 

-j-OI 

+•05 

24*29 

25 

17-005 

17-67-0 

08-36 

15-43 

-f  -11 

-|-OI 

+•05 

2396 

GROUP  II,  PAIR  3. 


1892. 

May  22 

27*879 

9-11-9 

21  23  41-53 

—7  15-20 

—  -88 

—•13 

+-05 

21  16  2537 

1             25 

2712*3 

8-20-1 

42-29 

18-96 

4-1-99 

—•13 

+  05 

2524 

27*34-6 

8-44-5 

42-96 

18-48 

■f  -78 

— -13 

+•05 

25-18 

June     7 

27-24-7 

8-304 

4517 

19-45 

—  -32 

—•13 

-f-05 

2532 

II 

27-51*1 

8-44-8 

4608 

2223 

■f  -85 

— -13 

-f-05 

24-62 

13 

27-49*5 

8-48-0 

46-44 

21-12 

-f  -58 

—•13 

-f-o5 

2582 

18 

27-79-5 

876-5 

47-50 

21-47 

—0-56 

—  13 

+  05 

2539 

25 

2770-2 

8-58-3 

49*06 

2353 

—  -33 

—•13 

f-05 

25-12 

GROUP  II,  PAIR  4. 


1892. 

May  22 

18-88-7 

15-88-7 

26  17  35-30 

—I  0960 

— 1-19 

— -02 

-f-o5 

21  16  24-54 

25 

18-22-8 

15*10*3 

36-06 

12-50 

-f  -50 

— -02 

-f-05 

24-09 

28 

i8-i6-i 

14-973 

36-72 

13-96 

-fi-i7 

—-02 

-f-05 

23-96 

June    7 

18-14-5 

14-92*7 

3898 

14-65 

-  -04 

— *02 

-f-05 

24-32 

II 

18-15-8 

14*81-7 

39-89 

1751 

+  1-25 

— *02 

-f*o5 

23-66 

13 
18 

18-68-6 

iS-39-9 

40-26 

16-25 

-f   -21 

— *02 

-h-05 

24-25 

18-59-7 

I5-3I-8 

41-34 

16-07 

—   -91 

— -02 

-f-05 

2439 

25 

18-45-0 

15-16-8 

42-95 

18-46 

—   -44 

— -02 

+•05 

24-08 

GROUP  II,  PAIR  5. 


1892. 

May  22 

11-08*8 

26-47-8 

21  10  28-40 

-f  5  57-02 

—  -77 

4--IO 

-f-05 

21  16  24*80 

25 

10-97-5 

26-19-5 

29-17 

5308 

+169 

-f -lO 

4-05  ■ 

24-09 

28 

10-77-0 

25-95-9 

29-85 

52*36 

+1-25 

-f -lo 

4-05 

23-61 

JVM     7 

10-91-1 

26-06*8 

32*12 

51-62 

4-  38 

■f-io 

-f-05 

24-27 

II 

1 1-20-7 

26*26*8 

33*06 

49-39 

4-1-54 

-f-io 

4-05 

24-14 

:i 

11-60-7 

26-66-5 

33-45 

49-32 

-f  1-20 

■f-io 

4-oS 

24-12 

11-55-1 

26*65-2 

3404 

50-32 

— o*6i 

■f-io 

4--05 

2390 

as 

"•39-4 

26*33-2 

3624 

4654 

4-1-38 

4-08 

4-04 

24*28 
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GROUP  II,  PAIR  6. 


Date. 

Micrometer. 

n: 

S, 

1892. 

t.  d. 

t,  d. 

May   22 

I2-88-4 

23-60-0 

25 

1274-6 

23-29-2 

28 

I2-22-8 

22-80-8 

June     7 

13-497 

2395-2 

II 

I3-33-3 

23751 

18 

I2-85-9 

23-32-0 

25 

1275-9 

2309-2 

Mean  app. 
Dec. 


21    12 


I718 

1 7  96 
18-65 
20-92 
21-88 

23-38 
25-08 


Corrections. 

Mic. 

LeveL 

Ref, 

Mer, 

f    // 

// 

// 

fi 

-j-4  0860 

--58 

+  07 

+  05 

04-65 

+  1-85 

4-07 

-f-05 

0544 

+  70 

-J--07 

-j-05 

0254 

-4-1-08 

+  07 

+•05 

01-68 

-f-i-18 

-f-07 

+•05 

02-68 

— 106 

+  07 

-f-05 

+3  59-71 

-f  -20 

+  03 

+-04 

Latitude. 


o    ./ 


// 


21 


16  25*32 
24-58 
24-91 
2466 
24-86 
25-12 
2506 


GROUP  II,  PAIR  7. 


1892. 

May  22 

22*67-1 

1361-3 

21  19  57-05 

—3  30- 1 3 

— I  62 

-06 

-f-06 

21  16  2530 

25 

22-90-6 

13-705 

57-84 

33-45 

+  -27 

—  06 

+  06 

24-66 

28 

23*00-9 

13-73-9 

58-54 

35-05 

+  -86 

—  06 

+  06 

2435 

June    7 

23-31-7 

1 4-02- 1 

60-82 

35-65 

—  Z^ 

—06 

-f-06 

24-86 

II 

23-35-7 

13.977 

20  01 '82 

37*6o 

-f  -53 

•06 

-}  06 

2475  i 

18 

22-39-1 

1307-2 

03-35 

36-19 

—1-89 

•06 

-f-06 

25-27  ; 

25 

23-08-6 

13-641 

05-11 

39'" 

— 1*04 

-06 

-f-o6 

24-96  i 

t 

GROUP  II,  PAIR  8. 


1892. 

May  22 

15-53-4 

20-50*1 

21   14  30-50 

■\-^  5523 

—1-44 

+  03 

+  05 

21  16  2437 

25 

1379-9 

18-635 

3129 

52-19 

■4-  -74 

+  03 

+•05 

24-30 

28 

12-32- 1 

17-06-4 

3201 

5003 

+1-83 

+■03 

-f-05 

23-95 

June     7 

1 2*69-4 

1739-5 

3432 

49-06 

-f  -22 

-f03 

+  05 

23-68 

*     II 

12-42-9 

17-05-2 

3532 

4725 

+  -64 

+-03 

-f-05 

23-29 

18 

12-58-2 

17-307 

3688 

4961 

—1-79 

+  03 

+•05 

2478 

25 

12-93-8 

17-45-2 

3868 

4472 

+   40 

+•03 

+  05 

2388 

From  the  preceding  individual  values,  all  those  nights  were  chosen 
on  which  complete  series  were  obtained.  These  complete  nights  were 
collated  for  each  group,  and  the  daily  means  taken  as  famished  by 
each  group.  This  made  it  possible  to  reduce  each  pair  to  a  mean 
declination  system  by  subtracting  each  separate  valne  of  the  latitude 
on  any  one  night  from  the  mean  of  all  the  pairs  in  the  group  for  that 
night.  Every  night  being  treated  in  this  way,  and  the  mean  being 
taken,  we  have  a  system  of  corrections  which,  being  applied  to  their 
appropriate  pairs,  reduce  the  individual  values  of  the  group  to  one 
homogeneous  system. 
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Results  from  observtUions  far  the  variation  of  latitude  at   Waikikij 

Hawaiian   Islands. 

These  redactions  are^ven  in  the  following  tables: 

Reduction  to  mean  declination  system. 

GROUP  I. 


Dftte. 
1891. 

I. 

2. 

3. 

4 

5 
// 

• 

6. 

7. 

8. 

Sum. 

// 

• 

//           // 

•     . 

// 

// 

June       7 

—008 

+c 

►  09 

-fo-oy 

-l-o- 

13    -0 

76 

4-0-39 

+013 

—003 

8 

•f 

•49 

+ 

•15 

—  -04 

+ 

08 

77 

—  -03 

-f    -11 

—    -OI 

II 

+ 

•36 

-f 

•92 

-  52 

.36    _ 

86 

+    36 

-f   '12 

4-  -04 

13 

— 

•23 

-f 

•03 

-f -11 

+ 

09    — 

69 

+  -51 

+  -17 

—   -OI 

17 

— 

•16 

+ 

•3« 

-h  -27 

33    —  ' 

47 

+  •03 

+   36 

-f    -OI 

18 

-f 

•58 

+ 

'12 

+  -32 



65    -■ 

57 

-f  -08 

4-  'lo 

—  02 

22 

•37 

-f 

•16 

—  -lO 

+  ■ 

06 

40 

-f  -24 

+  -42 

-f    -OI 

26 

+ 

•14 

+ 

•28 

-f  -14 



•22    — 

55 

—  '02 

+  ^24 

-j-  -OI 

1892. 

Apr.       9 

— 

•56 

+ 

•45 

—  -06 

+ 

04    — 

68 

-f-    "22 

-f  60 

-f    'OI 

19 

— 

•20 

+ 

•50 

■f  •03 

12    -- 

72 

-f     32 

+  16 

__  03 

24 

— 

•40 

— 

•01 

+  -16 

04    — 

56 

+     31 

+  ^53 

—   -OI 

May       4 

+ 

•47 

-f 

•17 

-    19 

•00    — 

23 

-     25 

+   06 

4-  •03 

5 

•30 

+ 

•45 

—  ^09 

05    - 

51 

—  -oi 

-f  -48 

—  03 

9 

— 

•1^5 

-f- 

•53 

+  -03 

+ 

•12    — 

65 

—  -13 

+  ^24 

•01 

»3 

— 

•21 

— 

•36 

+  -41 

-f 

12    — 

42 

—    -OI 

+  ^45 

—  02 

14 

•07 

— 

•II 

•06 

06 

19 

+  •15 

+  ^35 

4-  'OI 

'1  r- 

•47 

+ 

08 

+    19 

+ 

10    — 

18 

—  23 

4-  -50 

•01 

18  j- 

•50 

-f 

•16 

•00 

-f 

04    — 

16 

-j-    -12 

-h  -30 

—  -04 

21  1- 

•06 

+ 

•08 

+  ^13 

20    — 

10 

—    -03 

+  -17 

•01 

22 

— 

•24 

— 

•01 

—  -29 

+ 

64    - 

25 

+  -13 

-h  -02 

•00 

24 

— 

•17 

4- 

•58 

—  ^14 

+ 

03    — 

61 

+  -07 

+  -25 

4-  'OI 

!         25 

— 

•10 

+ 

•13 

-|-    -22 

•22    — 

45 

~  -14 

+  -57 

4-   -OI 

26 

+ 

'22 

— 

15 

+  -14 

+ 

•10    —  • 

40 

—  -03 

+  -15 

4-  -03 

28 

— 

•02 

+ 

•50 

-f    05 

10    — 

70 

+  -05 

+  -24 

4-  -02 

29 

•36 

— 

•02 

—    06 

+ 

32    — 

40 

+    -12 

4-   40 

•00 

June      3    -f 

•14 

— 

•33 

-f-     26 

+ 

19    — 

32 

•00 

-f-  -08 

4-  -02 

•    4 

— 

•24 

-f 

•02 

4-   -21 

28    — 

24 

-    03 

4-  -52 

—  04 

5 

— 

•10 

+ 

•58 

—     20 

24    — 

52 

-|-    -OI 

+  '49 

4-  02 

II 

— 

•50 

+ 

•30 

4-  '08 

+ 

76    - 

64 

•08 

+  -05 

—  03 

13 

-f 

•58 

+ 

•15 

—  41 

28 

20 

4-    07 

4-   -11 

4-  -02 

17 

•01 

-f 

•16 

f'd 

•44    — 

49 

-f  -41 

+  -23 

—    -OI 

18 

— 

•44 

■f 

•03 
'I8 

+ 

15    - 

46 

-L     04 

+    -72 

—  02 

22 

•19 

+ 

+  55 



04    — 

66 

—     29 

-f  -44 

—   -OI 

24 

— 

•25 

+ 

•65 

+  -'S 



■53    - 

49 

-     46 

-f  -95 

4-   02 

2$ 

Means 

— 

•21 

-f 

•24 

+  -a? 

30    - 

67 

—     25 

4-  89 

—  -03 

— 

•103 

+ 

.aoo 

+  049 

043  — 

485 

+     047 

4-  .33" 

—  .004 
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Reduction  to  mean  declination  system. 


GROUP  II. 


Date. 

I. 

2. 

3. 

4. 
// 

5 

• 

6. 

// 

7- 

8. 

Sum. 

1891. 

// 

// 

// 

// 

// 

// 

June     18 

— 025 

— o-oo 

— 030 

-fo.44 

+0 

18 

—0-52 

—016 

+058 

—003 

26 

+ 

•30 

-     n 

—    19 

-1-    69 

— 

24 

-•58 

— 

•04 

-f   -21 

—  'oa 

27 

•09 

-f  -41 

—    29 

+   09 

-f 

17 

—   53 

— 

•33 

-j-  eo 

4-  03 

28 

•47 

-f  -25 

+    03 

-f    19 

— 

26 

—I  02 

+ 

•41 

+  90 

4-  -03 

,       30 

— 

•63 

-f  -54 

-    13 

-f-    69 

+ 

»3 

—   81 

— 

•09 

-f  •32- 

4-  -02 

July      18 

— 

43 

+  71 

—   60 

+  -87 

— 

•04 

-    36 

— 

•37 

-h  -25 

4-  -03 

26 

— 

•86 

+    26 

-    38 

-f  -46 

+ 

-10 

—   42 

— 

•16 

-f  roo 

•00 

29 

+ 

•34 

+  -45 

—    10 

+  -30 

+ 

18 

—   94 

•56 

+  -34 

4-  -oi 

Aug.      5 

— 

•56 

+  -51 

-     18 

-f  -39 

+ 

06 

-•96 

+ 

•12 

+  -64 

4-  "oa 

6 

— 

•21 

—  -23 

—  -49 

-f    89 

+ 

43 

—  09 

•54 

+  -25 

4-  'OI 

10 

— 

•41 

-f  -27 

—  -37 

+  -19 

+ 

25 

—   52 

-f 

•II 

-f   46 

—   '02 

13 

•27 

+  36 

—    18 

-f  -64 

+  ■ 

24 

—  -88 

+ 

•12 

-   06 

•03 

H 

•53 

+  -35 

-  -45 

+  73 

+  • 

37 

-  -55 

•04 

+  09 

—    03 

16 

— 

•57 

-f    69 

—   07 

-f-  •>7 

+  • 

II 

—  -88 

— 

•05 

4-  -60 

•00 

1892. 

* 

May     22 

+ 

•01 

+  -48 

-   50 

+    33 

+  • 

07 

-  -45 

— 

•43 

+  -50 

4-  •01 

25 

+ 

•70 

-f    -21 

—   90 

+  -25 

+  • 

25 

—   24 

— 

•32 

+  04 

—   -Of 

28 

+ 

•03 

+     16 

—  -88 

+  -34 

+ 

69 

—   61 

— 

•05 

4-  -35 

4-  03 

June       7 

+ 

•19 

-f     30 

-    89 

4-   11 

+  • 

16 

—   23 

•43 

+  75 

—  04 

II 

-h 

•60 

4-  05 

—   SI 

+  -45 

—  " 

03 

-  75 

— 

•64 

-f   82 

—    'Of 

18 

+ 

•23 

-h  -41 

-69 

+  -31 

+ 

80 

—  42 

— 

•57 

—  -08 

—   'OI 

25 
Means 

+ 

•34 

+  -47 

-•69 

+  -35 

+ 

15 

-•63 

•53 

+  -55 

-f-    •©! 

— 

*12I 

+  -309 

—  -417 

+  -423 

+ 

-180 

—   590 

— 

•217 

4-  -434 

GROUP  III. 


I89I. 

// 

'/ 

// 

// 

// 

// 

// 

/' 

// 

July 

8 

—0 

19 

4-032 

— 0-3S 

—0-85 

+0 

95 

—003 

— 019 

4-033 

— o*oi 

17 

41 

4-  09 

+ 

•45 

•27 

+ 

-61 

•49 

-f  07 

•07 

—  •oa 

18 

— 

44 

—  -09 



•40 

78 

+ 

-82 

4- 

•04 

4-  -72 

4- 

•II 

—  -oa 

23 

■34 

—  -43 

•75 

— 

•49 

+ 

-80 

4- 

•II 

4-  -52 

4- 

•56 

—  •02 

26 

— 

'21 

4-  -37 



•77 

— 

•19 

+ 

•83 

•71 

4-  40 

4- 

•27 

—  -OI 

27 

— 

19 

4-  05 

•03 

•43 

+ 

•31 

— 

•05 

4-  -52 

— 

•15 

4-   03 

Aug. 

5 

— 

42 

4-  -36 



•60 

— 

•18 

+ 

80 

•26 

4-  ^20 

+ 

•07 

—  -03 

13 

4- 

23 

4-  •»9 



•05 

— 

•41 

+ 

79 

•53 

4-  -13 

— 

•34 

4-  -OI 

14 

— 

•58 

+    39 



•25 

— 

•14 

+ 

-28 

•32 

+  -60 

+ 

•02 

•00 

15 

+ 

03 

4-  -39 



•41 

•54 

+ 

•59 

+ 

•16 

4-  -47 

— 

•67 

-f  -oa 

16 

— 

19 

—  OS 



•29 

— 

•15 

+ 

•40 

— 

•27 

-f-  '66 

— 

•09 

4-  -oa 

26 

— 

55 

—  -ox 



•02 

+ 

•07 

+ 

•50 

— 

•15 

4-  -49 

— 

•35 

—  "oa 

29 

— 

03 

—  24 



•19 

+ 

•50 

— 

•24 

+ 

•09 

+  -53 

— 

•39 

4-  03 

Sept. 

2 

— 

84 

—  -lO 

+ 

.30 

— 

•12 

+ 

•10 

+ 

•07 

4-  -96 

•38 

—  -OI 

9 

— 

06 

—  -27 



•01 

— 

•08 

—  < 

•15 

+ 

•30 

4-  -52 

— 

•24 

4-  -oi 

18 

—  ' 

51 

—   -22 

+ 

•18 

4- 

•24 

4- 

'20 

+ 

•02 

4-  -28 

— 

•18 

4-  -oi 

19 

60 

—  -04 



•20 

4- 

•38 

4- 

•42 

+ 

•29 

4-  SS 

— 

•56 

4-  -oa 

26 

80 

4-   18 

4- 

•23 

4- 

•25 

4- 

•55 

— 

•28 

4-  -03 

— 

•12 

4-  -04 

28 
Means 

33 

•00 

4- 

•06 

•24 

4- 

•10 

+ 

•14 

4-  36 

— 

•12 

—  03 

^^^ 

338 

4-  -047 

— 

•163 

— 

•181 

4-' 

456 

-•098 

4--400 

— 

-•120 
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Mesults  from  observations  for  the  variation  of  latitude  at   Waikiki, 

Hatcaiian  Islands. 

Beduotians  to  mean  declination  system. 

GROUP  IV. 


Date. 


1891. 
Aug.    20 

23 

25 

29 

SCDt.        2 

9 
12 

15 

23 
26 

28 

Oct.       4 

5 
8 

28 

30 

3« 
I 

4 
6 

14 
17 

Means 


Nov. 


I. 


// 

24 
•70 

•63 

•00 
•52 

77 
•46 
•40 
•18 
.46 

•31 
•26 

•34 

'2'\ 


—  -49 

—  20 

—  32 

—  -37 

—  -47 

+  'OI 

-•38 


2. 


—   382 


// 

+074 
-f-    87 

-f  -22 
-f     29 

-h  -52 
4-  -33 
+  76 
-f  -35 

+  79 
+  -lo 

-f  -27 

-f  -53 

-h  64 

4-  16 

-f  -88 

4-  -23 

—  04 

+  n 

-h   27 

+  73 

—  '3^ 

-\-    -22 


-h    396 


// 

4^117 

+    50 
+  1-40 

4-1*13 

4-    94 

4-1-59 
-fio6 

4-  77 
4-123 

4-  -64 

4-  76 

4-  -58 
+114 

-I-  -86 
—   07 

4-  71 

4-  -99 
+105 

4-  -53 

4-  84 

4-  52 

4-  83 


+  -871 


// 

— 01 9 

—  -26 

4-  04 

—  -41 

—  -oi 

—  08 

—  -22 

—  '3 

—  18 

—  19 

4-  09 

—  04 

—  06 
+  06 

—  28 

—  25 

—  15 

-f  08 

—  -09 

-•64 

4  -45 
4-  04 


5. 


// 

—070 

—  -66 

—  50 

—  76 

—  -90 

-78 
— 102 

—  -43 

—  -49 

—  -37 

—  -93 

—  94 

—  84 

—  -69 

— 1-20 

—  -51 

—  -41 

—  79 

—  -53 

-•38 

—  -55 

—  81 


—  -no 


—  -690 


// 
— o-oo 

-f-   16 

—  -06 

4-  08 

4-    36 

4-  -11 

—  04 

4-  07 

—  25 

4-  30 
4-  69 
4-  -37 

—  -35 
4-  -35 
4-103 

4-  n 

4-  -27 
4-  -39 
4-  -51 
4-  30 

—  03 

-L     58 


4-    -224 


7. 


026 


29 

77 
58 
68 

81 
24 

65 
69 

53 
75 
42 
46 

74 
00 

51 

19 
80 

99 
64 

58 

57 


—  -552 


8. 

Sum. 

// 

// 

— 047 

—   04 

4    39 

-|-    -OI 

4-    29 

—  .01 

-;-    -22 

—  -03 

4-   32 

4-  -03 

4-   40 

—  -OI 

-f    16 

•00 

4-  -42 

•00 

—  -21 

4-    '02 

4-  -49 

—   -02 

4-    -21 

4-  03 

+      17 

—  01 

4-  -24 

—  03 

4-    -22 

—    -OI 

4-  -32 

•00 

4-  63 

—   '02 

—  30 

—    03 

4-  -24 

-f    -02 

-f  63 

—    04 

4-   26 

•00 

+  -45 

—    04 

4-  08 

—    01 

+'  -2351 


GROUP  V. 


i89i. 

// 

// 

/ 

'/ 

> 

'/ 

i 

f/ 

// 

> 

f/ 

// 

Oct.       4 

o-oo 

— 0-I2 

—0-58 

4-c 

>i3 

4-c 

)*5o 

4c 

)-26 

-013 

—006 

0.00 

5 

4-   19 

4-  •" 

-••67 

4- 

•25 

4- 

•31 

4- 

•30 

— 

•53 

•00 

—  .04 

8 

—   -lO 

-   23 

—  -44 

•02 

-f- 

•18 

+ 

•24 

•22 

4- 

•55 

—  04 

30 

4-  74 

—  '03 

—  118 

-h 

•34 

"3 

4- 

•61 

•65 

4- 

•29 

—   -OI 

31 

—  -12 

•28 

•61 

4- 

•32 

4- 

■04 

4- 

•66 

.46 

4- 

•43 

—  -02 

Nov.       I 

4-  -31 

—  09 

—  75 

•59 

4- 

•19 

+ 

•51 

4- 

•13 

-i- 

•3" 

4-  -02 

6 

4-  -02 

4-  -27 

-•63 

•08 

4- 

•26 

4 

•69 

•57 

4- 

•07 

4-  -03 

14 

4-16 

4-    '20 

—  77 

•01 

4- 

•19 

4- 

•40 

•48 

4- 

•30 

—   'Of 

17 

—  -lo 

4-  -37 

•61 

4- 

•09 

4- 

•04 

4- 

•35 

+ 

•01 

•17 

—  -02 

19 

4-  'lo 

4-    '21 

-•63 

4- 

•10 

4- 

•03 

4- 

•25 

•27 

4- 

•21 

•00 

21 

•34 

4-  36 

•61 

•lO 

•15 

4- 

•42 

4- 

•29 

4- 

•10 

—  -03 

23 

4-  -31 

4-  36 

—115 

4- 

•35 

•05 

4- 

•29 

•01 

■14 

—  04 

Dec.     10 

4-  -05 

4-  06 

-•58 

■32 

4- 

•33 

4 

•26 

-4- 

■ 

•03 

4- 

•14 

—  03 

12 

+  36 

4-  -53 

—  I*IO 

•14 

4- 

•04 

4 

•62 

•16 

•16 

—    -OI 

«S 

•00 

4-  -30 

— -i-o6 

4- 

•12 

+ 

•17 

4- 

•34 

•18 

4- 

•28 

—  03 

21 

—   '22 

4-  -13 

-  -57 

4- 

•48 

-t- 

•28 

— 

•03 

•32 

4- 

•27 

-f   02 

23 

4- -51 

—  -03 

— 1*05 

4- 

'33 

4- 

•65 

— 

•II 

•23 

— 

•05 

4-    -02 

^5 

4-  -31 

4-  -09 

-•85 

4- 

31 

— 

•»7 

4- 

•42 

— 

•40 

4- 

•28 

—    '01 

26 

4-   '21 

4-  •" 

—  -93 

•03 

•00 

4- 

72 

+ 

•20 

•16 

4-  -02 

29 

4-   14 

4-  -57 

—  -62 

— 

•22 

'22 

4- 

•51 

4- 

"3 

— 

•27 

-j-  -02 

30 

Means 

4- -35 

4-   n 

—  -57 

•40 

4- 

78 

4- 

•02 

■49 

-h 

•10 

—  04 

4-  -137 

4-  -146 

—  760 

4- 

•043 

4- 

•156 

4- 

•368 

—  '205 

4- 

•110 

8,  Ex.  37 ^10 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


Beductians  to  mean  declination  system. 


GROUP  VI. 


■  Date. 

I. 

2. 

1 

J 

3- 

4. 

5. 

6. 

7- 

8. 

Sum. 

1 891. 

// 

// 

// 

// 

// 

// 

// 

// 

// 

Nov.    21 

— 1'20 

— 0*26 

+0-54 

+018 

-fO-02 

— o-oo 

-I-0-53 

-f-0"20 

+0-01 

Dec.     12 

—  -25 

+  -55 

—  -26 

4-  -15 

4-  -59 

-•58 

4-  -17 

—   39 

—  -02 

15 

—  81 

-f  -60 

-f    60 

—  -oi 

4-  04 

—  24 

4-  •»9 

-•38 

—  •01 

23 

—  -47 

-f   91 

+  •" 

+•  -20 

4-  77 

—  30 

-.56 

•68 

—  -02 

26 

—    18 

+  -42 

4-  -40 

4-  46 

-f-   26 

—  76 

-f    -21 

-78 

4-  03 

29 

—  -99 

-f  -35 

■f  -17 

4-  -37 

—  -27 

—  15 

4-  50 

-f    -OI 

—  01 

1892. 

Jan.        5 

•82 

+  •18 

-1-   60 

4-  -09 

4-  •«9 

—   'lO 

4-  -52 

•66 

•00 

6 

—   '12 

-f  -62 

4-   18 

•f  -58 

—  -17 

—  '62 

—   'lO 

—   40 

—  -03 

12 

—   97 

-f  -55 

—   17 

4-  -06 

4-  -09 

—  40 

4-  -54 

4-  -32 

-f    '02 

18 

—  '67 

-f  -37 

-|-  -20 

4-  •" 

4-  -09 

-   SI 

+  -36 

-f    -OI 

—    04 

20 

—   42 

-t-  -84 

-h  -42 

—  -03 

4-  -31 

-•58 

•18 

—  -35 

+     01 

21 

—  -55 

—  .09 

4-  -44 

—  05 

4-  -38 

-•36 

—   13 

4-   33 

—   -03 

24 

—   99 

-f   -12 

4-  -05 

4-  -39 

4-  -37 

—  '26 

-f   16 

4-  -14 

—  -02 

27 

—  '67 

+   -tl 

4-  "39 

4-  -54 

—  -09 

—   '22 

4-  -30 

-•38 

—  '02 

Feb.       3 

—  -92 

+    -18   :-f    -19 

4-  -58 

-h  -16 

—     19 

-f-  -lo 

—   "lO 

•00 

6 

-  -46 

+    06 

+   '12 

4-  -05 

4-  -14 

—  -52 

4-  -50 

4-  -14 

4-  -03 

8 

—117 

—   "07 

-f   '21 

4-  77 

4-  -04 

4-  -39 

-f  -08 

—   '27 

—  -02 

12 

—  I'OI 

—     17 

4-  -so 

4-  -50 

4-  -93 

—  -42 

--  -03 

—  '29 

-{-   -OI 

13 
Means 

-.•64 

+    -48 

-1-  -39 

4-   17 

-f  -lo 

—  -67 

1 

4-  -45 

—    32 

-04 

—  701 

4-  -303 

+  -267 

-f  -269 

+  -208 

—  342 

4-   190 

—    203 

1 

GROUP  VII. 


189 

I. 

i 

V 

// 

// 

tf 

// 

// 

// 

ff 

Dec. 

29 

— 0*60 

-l-o-io 

-fO-02 

-fO-02 

4-0-45 

— 032 

4-032 

+0-02 

-fo-oi 

1892.      1 

Jan. 

5 

77 

—    16 

-1-   -06 

4-  -17 

4-104 

•82 

+    16 

4-  -35 

4-03 

II 

— 

•83 

4-  -27 

—  OS 

-f  61 

4-  79 

—  -35 

—  '23 

—  -25 

—  -04 

20 

•30 

—  -oil 

—  -39 

4-  74 

4-  -64 

-   64 

—  'iS 

4-  -17 

—  -04 

24 

— 

•69 

—  -07 

—    17 

4-  -30 

4-  -84 

-    32 

—  -17 

4-  -27 

—    'OI 

Fib. 

2 

— 

•6s 

—  '12 

+    -28 

4-  -05 

+  79 

—   25 

—  -37 

4-  -30 

4-  -03 

3 

— 

•29 

—    42 

—  -07 

4-  -43 

4-  -85 

—   27 

—  '21 

—  -03 

—  •01 

4 

•83 

4-  -03 

—  -06 

4-  -45 

4-  -57 

—    14 

-f-    -02 

—  04 

•00 

8 

•08 

—  -04 

—   '22 

—    15 

4-  90 

-  75 

4-  30 

4-  -03 

—  -OI 

12 

+ 

•16 

—   -22 

—  -42 

—  -30 

+101 

-  -45 

—  02 

4-  -26 

4-  ^02 

>3 

•42 

—  -49 

4-  •" 

4-  •3« 

-i-  -62 

-  .58 

4-  •" 

4-  -35 

4-  "oi 

24 

•19 

—  -05 

-f    "lO 

—  -09 

4-  -63 

-   39 

—  17 

4-    16 

•00 

27 

— 

•49 

—   ^12 

—  -06 

—   19 

4-  -89 

-   OS 

—  -07 

4-  .OS 

—  -04 

28 

•02 

4-  -03 

—  ^08 

—  -04 

4-  70 

—  -53 

—  19 

4-  •" 

—  -02 

29 

— 

•56 

+  ^16 

—   14 

-(-  •le 

4-1-03 

—  42 

4-  03 

—  28 

—  -oa 

Mar. 

I 

— 

•24 

—  -28 

4-  -07 

4-  -07 

4-  70 

•66 

4-  .15 

4-  -17 

—  -02 

2 

— 

•39 

4-   '12 

—   '29 

4-  .31 

4-  75 

-78 

4-  -14 

4-  -13 

—   -OI 

5 

•38 

4-  29 

—  23 

-f    •!© 

4-  -64 

■-  -54 

-f  -lo 

+  -02 

•00 

9 

+ 

•47 

-  -55 

—  30 

4-  -33 

4-  75 

—  73 

•08 

+  -14 

4-  -03 

10 

•89 

4-  -45 

—   ^02 

4-  -14 

4-  -87 

—   26 

—   24 

—  -07 

—  -oa 

13 

•31 

—  23 

4-  -37 

4-  -31 

—    -Of 

—  75 

4-  -39 

4-    -21 

—  -02 

16 

•31 

-f-    •©! 

—    19 

—  -04 

4-  -81 

—  -69 

4-  -27 

-f  -14 

•00 

24 
Means 

74 

4-   31 

4-  •" 

-f    '20 

4-  -56 

—  -54 

-   29 

4-  -36 

—  03 

— 

•406 

—  ^046 

•068 

4-  -169 

+  731 

•488 

—  •oio 

-t-   -112 

EEPOBT   FOB   1892 PART   II. 
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BUuUs  /ram  observatio^isfor  the  variation  of  latitude  at    Waikiki^ 

Mawaiian  Islands, 

deductions  to  mean  declination  system, 

GROUP  VIII. 


Date. 

I. 

2. 

3. 

4. 

5. 
ft 

6.            7. 

8. 

Sum. 

1892. 

// 

// 

// 

// 

// 

// 

tf 

// 

Feb. 

3 

-fo-63 

4-0-3I 

— 046 

—004 

— 059 

-fo-6i 

--012 

—0-36 

— 0*02 

la 

+  -41 

+   -22 

— 

•60 

4-  -03 

— 

•29 

^-  18 

4-    10 

~  04 

4-  -OI 

27 

+  -44 

4-  '24 

— 

•30 

—  -47 

— 

•20 

-f  -61 

4-   Zl 

-•63 

4-   '02 

28 

+    IS 

4-  -OI 

— 

•52 

4-  ^07 

— 

•29 

-f    '21 

4-  -25 

4-  -13 

4-  -OI 

Mxur. 

2 

—    14 

—   -OI 

•19 

4-   39 

— 

'ZZ 

4-    '22 

-•36 

4-  -44 

4-    -02 

S 

4-   17 

4-  -27 

— 

•50 

4-  •03 

4- 

•25 

4-  -05 

—   '26 

-   03 

—   -02 

9 

4-  •©? 

4-   -21 

— 

•69 

-  -35 

— 

•17 

4-  -59 

4-  -15 

4-    -20 

4-   -OI 

10 

4-  -34 

—   -02 

72 

4-  ^07 

4- 

•30 

•08 

-•46 

4-  -60 

4-  ^03 

23 

+  -03 

4-  69 

— 

•51 

-  -OS 

•17 

-j-   -22 

4-  -07 

—  -27 

4-  -OI 

24 

-f  -oi 

—     14 

— 

•37 

—  .04 

•05 

•00 

4-  -26 

4-  -29 

—  -04 

29 

—   24 

4-  -18 

— 

•71 

—   16 

4- 

•35 

—    04 

—  -04 

4-  -66 

•00 

30 

—  -08 

4-  -25 

— 

•43 

—  -20 

4- 

•35 

4-  -35 

4-  ^09 

—   32 

4-  -OI 

31 

4-  -OS 

4-  -15 

— 

•74 

-j-   01 

— 

•39 

4-  ^35 

4-  ^43 

4-  -13 

—  -OI 

Apr. 

9 

—  -41 

+  •18 

•37 

—  08 

— 

•20 

4-  26 

4-   '21. 

4-  -37 

—  -04 

1 

19 

4-  -25 

—  23 

— 

•66 

—  ■»3 

-f 

•30 

4-  -34 

4-  -lo 

•00 

—  -03 

24 

•06 

+  -18 

•26 

-f-    -22 

•09 

-f    28 

—   34 

4-  -07 

•00 

May 

2 

—   10 

-   27 

4- 

23 

—  -"9 

4- 

•09 

4-  -33 

—    12 

4-  -05 

4-  -02 

1 
1 

•s 

lans 

4-  -37 

4-  -15 

•64 

—  -41 

•15 

4-  -59 

—   09 

4-    -21 

4-  -03 

Me 

-f  -HI 

-h  •132 

•469 

—  -072 

•071 

+  -282 

4-  -on 

4-  -083 

• 

The  preceding  tables  give  the  following  summary: 

Beductions  to  mean  declination  system. 


Pair— 

Oroup. 

1. 

a. 

3- 

4 

5- 
ff 

6. 
ff 

7. 
ff 

8. 

// 

if 

ff 

ff 

I 

—  'lO 

4-  -20 

4- -05 

—  04 

-•48 

4- •OS 

4- -33 

II 

—  •12 

4--3JI 

—  •42 

+  •42 

4- -18 

—  •59 

—  -22 

4- -43 

III 

—  •34 

4. -OS 

—  16 

—    18 

4- -46 

—  -lO 

4- -40 

—  12 

IV 

-•38 

4- -40 

4- -87 

—  -11 

—  '69 

4- -22 

—  55 

4- -24 

V 

.4- -14 

4- -IS 

-76 

4- -04 

4-16 

4- -37 

—  -20 

+  •" 

VI 

-70 

4- -30 

4- -27 

4- -27 

4-  '21 

—  •34 

4-19 

—  -20 

VII 

—  •41 

-OS 

—  •07 

4- -17 

4- -73 

—  •49 

—  •01 

4-11 

VIII 

4- -11 

4- -1^3 

—  •47 

—  •07 

—  '07 

4- -28 

4-  'OI 

4- -08 

The  foregoing  mean  corrections  being  applied  to  the  individual 
valaes  for  each  day,  and  the  daily  meanH  being  taken,  we  have  the  fol- 
lowing reduced  vidues  for  each  group  and  date  of  observation: 
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U.  S.  COAST  AND  GEODETIC  8UKVET. 


Corrected  daily  means. 


Date. 

Group 

No. 

of 

pain 

Group  N?- 
;.     ^^-     pairs 

GrouD 
III. 

No. 

of 

pairs. 

Date. 

Groux 
I. 

,  No. 
*    of 
pairs 

Group 
II. 

,  No. 
•     of 
pairs. 

Group 
lU. 

No. 

of 

pairs. 

1891. 

// 

// 

// 

1891. 

// 

// 

// 

June     6 

4-20 

6 

June  27 

4-35 

6 

4-43 

8 

7 

4-59 

7 

28 

470 

6 

423 

8 

8 

4*33 

7 

30 

454 

6 

4*45 

8 

9 

452 

6 

July     4 

4*22 

7 

4'2I 

7 

10 

4*37 

6 

4*26 

5 

7 

473 

3 

II 

4-50 

7 

429 

4 

8 

424 

7 

4-41 

8 

12 

443 

5 

17 

408 

5 

4-09 

8 

13 

4*59 

7 

456 

7 

18 

405 

8 

4' 20 

8 

>5  i4*35 

6 

414 

I 

22 

432 

6 

4*26 

5 

16 

4-68 

6 

23 

424 

5 

4*34 

8 

17 

459 

7 

4*54 

7 

24 

.4-08 

4 

4*43 

I 

18 

470 

7 

4-60 

8 

25 

375 

2 

19 

423 

6 

456 

6 

26 

4-22 

8 

417 

8 

22 

4*44 

7 

445 

7 

27 

432 

7 

405 

8 

24 

4*47 

6 

4-45 

4 

29 

404 

8 

391 

4 

25 

4*62 

2 

30 

4*12 

2 

427 

7 

26 

4-40 

7 

456 

8 

31 

393 

3 

423 

2 

Date. 

Group 
II. 

No. 

of 

pairs. 

Group 
UL 

No. 

of 

pairs. 

Group 
IV. 

No. 

of 

pairs. 

Date. 

Group 
II. 

No. 

of 

pairs. 

Group 
III. 

No. 

of 

paiiB. 

Group 
IV. 

No. 

of 

pairs. 

1891. 

// 

// 

// 

189I. 

// 

// 

// 

Aug.  2 

424 

7 

4'2I 

7 

Aug.  25 

4"34 

7 

4-02 

8 

3 

4*20 

7 

4*26 

6 

26 

^ 

4*21 

8 

4 

4-08 

7 

29 

403 

8 

3-66 

8 

5 

4-16 

8 

4*12 

8 

3^ 

424 

7 

419 

7 

6 

411 

8 

423 

5 

Sept.   2 

4-06 

8 

414 

8 

7 

3'99 

7 

4*21 

7 

6 

4' 20 

6 

4*12 

7 

10 

415 

8 

4*12 

7 

9 

424 

8 

389 

8 

II 

428 

2 

12 

4-00 

7 

3-88 

8 

12 

387 

I 

15 

409 

6 

379 

8 

13 

4*02 

8 

407 

8 

18 

408 

8 

14 

403 

8 

378 

8 

"9 

410 

8 

373 

7 

15 

4'02 

7 

4*21 

8 

23 

387 

3 

3-63 

8 

16 

3*99 

8 

419 

8 

26 

4-oJl 

8 

3-8i 

8 

20 

4'io 

7 

3*94 

8 

27 

398 

7 

376 

7 

1          22 

1 

4*21 

7 

380 

2 

28 

418 

8 

365 

8 

1         23 

414 

7 

4'io 

8 

Date. 

Group 
IV. 

No. 
of 

pairs. 

Group 
V. 

No. 

of 

pairs. 

Group 
VI. 

No. 

of 

pairs. 

Date. 
1891. 

Group 
IV. 

No. 

of 

pairs. 

Group 
V. 

No. 

of 

pairs. 

Group 
VI. 

No. 

of 

pairs. 

1 

1891. 

// 

// 

// 

// 

// 

Oct.  4 

4*06 

8 

392 

8 

Nov.  13 

409 

4 

407 

7 

5 

384 

8 

401 

8 

14 

392 

8 

408 

8 

8 

3-86 

8 

404 

8 

1 

>5 

363 

2 

10 

4-00 

6 

16 

320 

I 

H 

379 

2 

«7 

4*02 

8 

4*16 

8 

16 

372 

7 

398 

7 

'9 

407 

8 

3*94 

7 

17 

356 

2 

21 

4'io 

8 

4*12 

8. 

22 

3-83 

6 

4*06 

I 

23 

415 

8 

28 

3-86 

8 

394 

3 

30 

389 

7 

4-00 

7 

30 

419 

8 

4-01 

8 

Dec.   I 

407 

3 

4-07 

7 

31 

392 

8 

396 

8 

5 

387 

5 

3-91 

7 

Nov.  I 

3"9« 

8 

399 

8 

6 

3*99 

6 

4 

3-82 

8 

399 

7                       ,            9  i 

4-31 

7 

3-98 

7 

6 

404 

8 

403 

8 

1 

428 

8 

4*  18 

3 

7 

3*54 

7 

, 

12 

430 

8 

415 

8 

10 

3-4« 

4 

13 

4"3 

3 

12 

360 

5 

4*22 

2 
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Results  from  ohservatiotis  for   the   imriatwn   of  latitude  at   WaiJcikiy 

Hawaiian   Idanils, 

Corrected  daily  means. 


Date. 

Group 

No.  of 

Group 

No.  of 

Group 

No.  of 

Group 

No.  of 

V. 

pairs. 

VI. 

pairs. 

VII. 

pairs. 

VIII. 

pairs. 

1891. 

// 

// 

// 

// 

Dec.     15 

4*00 

8 

404 

8 

"7 

4*21 

5 

19 

4-14 

6 

4*2! 

5 

21 

4'12 

8 

1 

23 

4-21 

8 

4-20 

8 

1 

24 

393 

7 

3.92 

I 

25 

417 

8 

415 

5 

26 

420 

8 

4*22 

8 

27 

359 

2 

28 

3*99 

I 

427 

7 

^ 

29 

403 

8 

419 

8 

460 

8 

30 

4*12 

8 

404 

7 

1892. 

■ 

Jan.        I 

3-87 

2 

2 

4-69 

I 

5 

465 

7 

392 

8 

384 

8 

6 

3-98 

8 

378 

7 

10 

396 

7 

489 

I 

II 

4-20 

6 

4*24 

8 

12 

443 

8 

4-19 

5 

15 

433 

3 

16 

3*94 

2 

18 

4*30 

8 

459 

4 

19 

3-88 

5 

20 

412 

8 

404 

8 

21 

400 

8 

423 

5 

23 

4' 20 

7 

4.30 

7 

24 

397 

8 

440 

8 

25 

4'i6 

7 

446 

7 

27 

476 

8 

443 

6 

Feb.       2 

436 

I 

4-57 

8 

3 

4*12 

8 

453 

8 

449 

8 

4 

4-40 

7 

442 

e 

6 

424 

8 

4-26 

5 

8 

419 

8 

442 

8 

440 

7 

Date. 

Group 
VI. 

No. 
of 

Group 
VII. 

No. 
of 

• 

Group 
VIII. 

No. 
of 

Date. 

Group 
VI. 

No. 
of 

Group 
VII. 

No. 
of 

Group 

viii: 

No. 

of 

pairt. 

pairs. 

pairs. 

pairs. 

pairs. 

pairs. 

1892. 

// 

// 

// 

1892. 

// 

// 

// 

Feb.  II 

4-25 

1 

Mar.  5 

4*86 

8 

507 

8 

12 

4-51 

4-34 

8 

440 

8 

8 

478 

7 

13 

4*00 

8 

442 

8 

9 

436 

8 

479 

8 

14 

423 

6 

479 

I 

• 

10 

470 

8 

4-66 

8 

19 

436 

6 

«3 

4*6 1 

8 

4-52 

7 

20 

4-39 

6 

438 

7 

14 

477 

7 

475 

2 

21 

4*22 

6 

4.67 

5 

469 

7 

16 

471 

8 

418 

1 

22 

4*34 

7 

19 

472 

5 

a3 

4-10 

7 

4'88 

7 

438 

7 

20 

4-68 

6 

24 

473 

8 

21 

487 

7 

480 

6 

26 

467 

5 

23 

475 

8 

27 

4*66 

8 

456 

8 

24 

484 

8 

472 

8 

28 

4S4 

8 

477 

8 

29 

4-66 

6 

476 

8 

29 

456 

8 

483 

7 

30 

508 

4 

471 

8 

Mar.  I 

470 

8 

31 

474 

7 

481 

8 

2 

4-59 
4»S 

8 

478 

8 

Apr.   6 

470 

6 

4 

7 

. 

1 

\ 

\ 

1.% 


V.   B.   COAST   A5I>   OEODETTC    sTSTTT. 


CvrrtfUd  imSf 


A  f 


\ 


\ 


14 

«7 
i4 

'^ 

JO 

21 

24 
25 

Mfty   I 


// 

4>» 

525 

442 

4»J 

44* 

4J* 

444 

4^1 

4^ 

4*3 
4-V> 

;4-»4 

•4'«4 
4-45 

4'>;r 

I 


f 

2 


5  4-:& 

«|4^ 
4  * 


5 

^  .471 

*  i  4  72 

7    4^ 

3 

4*^ 


/» 


6 


Du. 

7:3^ 

yi. 

•*^"H^    af" 

~ 

-~  ^^ 

.    ^      =««.. 

iV-i 

/" 

r  r 

^/ 

Ua«  2 

4T5 

^ 

4 

xas 

• 

4^ 

■ 

5 

4?! 

5 

*rr 

* 

1 

»i 

4»5 

4 

■ 
1 

i 

X->3 

I 

1 

9 

4T^ 

? 

4X1 

• 

10 

472 

» 
J 

*52 

2 

II 

4^ 

5 

13 

4-43 

• 

14 

4^3 

6 

4x5  ; 

• 

l^ 

4-69 

^ 

4-40 

" 

1& 

4-72 

t 

4S0 

- 

21 

4  So 

- 

22 

4^ 

? 

479 

7 

4-5:     8 

23 

4S1 

w 

D 

473 

0 

4 

I 

r 


IpttM. 

Gfoop 

1 

No.  0*' 

Gro>ap  ' 

• 

GroBp 

No.  of 

No.  of 

I. 

\ma\. 

II.  1 

polra.  I       *'™' 

L 

pun. 

n. 

paa^. 

1892. 

1 

tt 

1        1892. 

^' 

// 

May    24 

4-61 

7 

1  Jane     11 

4'4C 

•    7 

411 

S 

25 

460 

7 

434 

8                 12 

466 

^ 
J 

26 

456 

13 

465 

7 

4iiS 

5 

27 

440 

^ 

14 

451 

5 

4-28 

2 

28 

4-62 

/ 

430 

8 

1              «7 

4-61 

7 

4S9 

I 

29 

474 

/ 

18 

474 

7 

470 

8 

y 

443 

19 

5-<H 

I 

I  Tunc       3 

4-66 

22 

446 

7 

4 

4'66 

23 

3^ 

I 

5 

472 

24 

427 

7 

6 

1     462 

25 

4-53 

7 

4-43 

8 

7 

4-45 

i 

6 

4-44 

8 

In  order  now  to  connect  the  groups  and  reduce  each  one  to  the  first 
taken  as  a  basis  of  comparison,  the  weighted  means  are  taken  for 
those  parts  of  the  preceding  table  which  overlap,  and  we  thus  get  the 
following  group  connections  with  their  respective  weights.  The  num- 
bers of  pairs  indicate  the  weight,  and  are  placed  to  the  right  of  the 
quantities  to  which  they  apply. 
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ON 


•         •         •         • 


0\       O   M 


o 


r 


ON»nM 


coro 


00  >o 


O 


V 

^ 

»4 

o 

? 

to 

8 

^ 

• 

• 

• 

• 

• 

Oi 

+ 

+ 

+ 

1 

§ 

1 

II 

11 

11 

1 

00 

1 

O 

9 

1-4 

•  • 

.1 

• 

*s 

•r* 

s 

es 

1 

o 

09 

c 

0 

O 

1 

•v4 
-M 

+ 

od 

^ 

& 

»4 

§ 

a> 

1 

^>« 

« 

C3 

00 

00 

c 

.2 

-f 

4- 

o 

*-^ 

r>» 

fl 

►  ob 

>cb 

o 

H- 

-f- 

o 

c^ 

to 

^ 

%o 

1 

fi 

>  1^ 

►  r^ 

>  f^ 

«8 

'? 

-f 

-f 

+ 

^ 

iTi 

»o 

V 

^^ 

>vC 

;» vb 

.o 

^ 

-f 

+ 

o 

« 

^ 

c 
.2 

CO 

+ 

o 

o 

PO 

o 

•v4 

>  ^ 

■S 

G 

-i- 

*** 

0) 

1 

a 

M 

► 

o 

Q4 

b« 

'   M 

M 

U3 

0 

o 

>  ri 

>     N 

►  w 

r^ 

(; 

bo 

9 

► 

o 

^ 

es 

9 

*C 

-*a 

a 

o 

(H 

Pm 

o 
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The  corrdative  equations 


2-1 

43 

54 

6-5 
7*6 

8-7 
1-8 

21 

75 
86 

2-8 


k. 


k, 


k. 


k, 


^l 


I 
I 


—  I 


—I 


—I 


-I 


—  I 


I 


0r22O 
131 
103 

»75 

u: 

136 

107 

«55 
225 

1-010 

392 
2-250 


From  which  the  following  normal  equations  are  derived: 


k, 


k. 


k. 


■ 

// 

-t  123 

-fo-23 

-I-0-27 

—0-23 

4-0^38 

—  01     1 

-^o•4S 

•00 

-00 

-0-23      , 

-—08      ; 

-1-28 

-  •»3 

•00 

=-•15       1 

-h  -62 

•00 

-    -oo 

1 
! 

, 

-4-263     i 

! 

—•32 

The  solution  gives — 


ki  =  — o-oig3 
k:  =  -f-    -257 
k, ---f    -119 
k^  -=  —    -0192 
k5  =  —    -140 


The  adjustment  of  tlie  outstanding  differences  brings  out  the  follow- 
ing equations: 


// 
II--       I  =  —05(1891) 

III—  II=f04 

IV—  III  =  —  -25 
V—      IV  =  4-  15 

VI  —       V  ^-  —  -04 

VII—     VI  =  4-   17 

VIII—    VII  =  4-  05 

I— VIII  =—06 


II—        I  =  —13(1892) 
VII  —       V  =  —  02 

VIII  —      VI  =  -f  -22 

II  — VIII  =  4- 13 


2'        =4-  -oi 

Tlie  error  of  closing  may  result  from  errors  of  observation  or  from  a 
slight  error  in  the  constant  of  aberration.  If  the  accepted  constant 
(20"'445)  is  too  small,  as  seems  to  be  indicated  by  other  observations, 
then  there  must  have  been  some  compensation  in  the  observing,  be- 
cause the  outstanding  error,  +*01,  is  practically  insignificant. 

As  several  determinations  of  the  constant  of  aberration  give  a  value 
^  from  20"'50,  it  is  worth  while  to  see  what  effect  this  value  would 
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Results  from  observations  for  the   variation  of  latitude  at  Waikikij 

Hatcaiian   Islands. 

have  if  introduced  in  the  computation  of  the  apparent  places  of  the 
stars. 

To  this  end  all  those  values  of  the  terms  involving  the  constant  of 
aberration  forthedates  of  observation  common  to  two  successive  groups 
were  tabulated.  Taking  a  mean  for  the  two  stars  of  each  pair  and  the 
difference  between  the  corresponding  pairs  of  successive  groups,  the 
final  mean  values  gave  the  following  effect  of  those  terms  on  the  group 
connections: 

I         II  III  IV         V        VI         VII         VIII         I  II 

^//.^     3//.6      4//.3     4//.0   4//-9     4//-5       4^^;^        y^-^   5//-2 

Had  we  used  a  value  of  20''*50  in  the  reduction  of  the  star  places  the 
effect  on  the  group  connections  would  have  been — 

3—^  multiplied  by  the  above  numbers, or  1-^  x  4"*5,  etc.,  as  follows: 

I  II  III  IV  V  VI  VII  VIII  I  II 

^/•OI2      ^^'OlO        ^^'012        ^^'OII      ^^-013        ^^'012  ^'•012  '^'OOQ      ^^'014 

The  sum  of  these  is  +"'10,  so  that  if  we  accept  the  supposed  value  of 
the  aberration  constant  there  would  remain  an  outstanding  error  of 
+^'•11  from4>bservation  arising  from  the  uncertainty  of  the  group  con- 
uectiond'.  If  we  admit  a  certain  compensation  in  the  errors  of  observa- 
tion then  the  above  investigation  would  rather  confirm  the  value 
20''*445,  or  at  least  indicate  that  it  should  not  be  changed  more  than 
one  or  two  hundredths. 

The  values  of  ki,  kt,  ks,  k4,  and  ks,  being  substituted  in  the  correlatives, 
give  the  following  values  for  V: 


V 

2*1 
3*2 

4-3 
5-4 
6-5 
7-6 


// 

4- '022 
— -003 
— -003 
— -003 

-fois 
-[-•oio 


V 

8-7 
1-8 

(2-1) 

7*5 
8-6 

2-8 


if 

— •004 

—  025 

—  058 
— '120 

-foo8 

4--3U 


and  the  corrected  reductions  between  the  groups  are — 


R 

+ 

— 

// 

2*1 

0-072 

32       • 

0043 

4*3 

•247 

1*^ 

•153 

6-5 

•055 

7*6 

•160 

87 

•054 

1*8 

•035 

Sum 

0409 

0-410 

l04  U.   S.  COAST  AND  GEODETIC   SURVEY. 

The  final  corrections  therefore  to  reduce  the  different  groaps  to  one 
bomo^eneoaa  sy Bt«m  are — 


II  =  +  -07 

VI  =  + 

111  =  +  -oj 

VIII  =  — 

Applying  these  to  the  daily  means  of  the  groups,  each  one  of  which 
hks  been  rediu'ed  to  its  own  mean  declination  system,  we  get  the  fol- 
Jowiiig  Uible.  Each  indiridnal  valae  is  introduced  with  its  appropriate 
weight. 


DXe. 

iMt. 

P.... 

D.te. 

Ul. 

P>ln. 

tfti. 

I.*L 

Pu™. 

■  891. 

„ 

189I. 

„ 

1S91. 

„ 

June      6 

4-30 

6 

Aug.     30 

418 

IS 

Ue?     10 

4-39 

7 

4S9 

7 

4-30 

9 

438 

14 

8 

4-33 

7 

'i 

4'z8 

'5 

13 

435 

3 

9 

4-52 

6 

IS 

4-33 

■1 

IS 

417 

16 

4-35 

36 

4'34 

17 

4-33 

5 

4-4S 

39 

4-O0 

16 

"9 

432 

4-43 

5 

3' 

4-37 

14 

424 

S 

'3 

4-61 

■4 

Sept.      3 

4-36 

t6 

'3 

436 

16 

'S 

*'H 

7 

6 

4-3" 

'3 

14 

4-06 

8 

i6 

4-68 

6 

9 

4-33 

16 

25 

4-31 

13 

\l 

""^ 

■4 

410 

IS 

36 

436 

16 

4-68 

'5 

"5 

409 

14 

27 

3-71 

>9 

4-43 

18 

4-11 

8 

38 

4-41 

8 

448 

■4 

19 

4-07 

'S 

39 

438 

24 

34 

4-49 

23 

3-9" 

u 

30 

423 

IS 

'5 

462 

36 

410 

16 

1892. 

36 

4Sa 

)5 

*7 

4-03 

■4 

Jan,        I 

3-99 

n 

4'44 

"4 

38 

407 

16 

4-81 

38 

4-47 

14 

Oct.       4 

419 

16 

5 

4-33 

23 

,,       30 

4S3 

■s 

4'"3 

16 

6 

3-99 

IS 

July       4 

4*7 

>4 

8 

4'"S 

t6 

4-24 

8 

7 

480 

3 

4-38 

6 

4-31 

14 

8 

4-3« 

>S 

14 

4-07 

446 

13 

>7 

::;i 

»3 

16 

4-05 

14 

15 

4S" 

3 

i8 

16 

>7 

384 

16 

4-1  a 

4'34 

It 

4-13 

7 

18 

45* 

»3 

4-35 

'3 

28 

4-06 

5 

34 

5 

30 

4-30 

16 

418 

16 

'i 

3-83 

3' 

414 

16 

4'3I 

13 

26 

42s 

16 

Not.       I 

415 

16 

23 

4'3S 

14 

a? 

423 

'S 

4 

IS 

24 

429 

16 

39 

40s 

6 

434 

16 

2S 

4-4« 

14 

3° 

4-l8 

9 

7 

3-83 

7 

27 

473 

3' 

410 

5 

3.76 

Feb.       3 

458 

9 

Aug.       3 

4-38 

>4 

4-OI 

7 

4-43 

34 

418 

'3 

13 

416 

45 1 

■5 

4'S 

7 

14 

430 

16 

6 

4-37 

13 

•S 

39' 

8 

439 

23 

419 

16 

16 

3-48 

4-43 

3 

13 

•7 

4-29 

16 

4-47 

4>S 

14 

"9 

416 

'5 

13 

4-31 

16 

4>9 

•5 

436 

16 

14 

4-47 

7 

4-3S 

>3 

4-27 

8 

"9 

4-3f 

6 

3'94 

30 

■4 

4-48 

W 

16 

D«.       I 

433 

4S8 

30 

16 

S 

4-05 

4-52 

7 

417 

'5 

« 

4-11 

6 

23 

45 1 

414 

16 

9 

4-30 

U 

24 

4-75 

8 
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BettUU  from  observaUotu  for    the  variation  of  latitttde  at  WaihUci, 
Hawaiian  Itlanda. 


Due. 

Ut. 

Pdn. 

D.ie. 

UL 

P^rs. 

Due. 

L«t 

Piiira. 

1892. 

„ 

■892. 

„ 

1892. 

„ 

Feb.     26 

4-69 

s 

Apr.     14 

479 

M«y      32 

4-81 

27 

4-6o 

16 

•S. 

4-44 

n 

47S 

28 

46s 

16 

iff 

4-S4 

24 

4-6i 

29 

4-68 

15 

'7 

440 

as 

4-50 

Mar.       1 

47* 

8 

18 

477 

36 

456 

4-68 

16 

'9 

4'66 

27 

4-40 

4 

487 

7 

479 

38 

4-49 

i 

4-96 

16 

476 

39 

474 

474 

7 

=3 

476 

30 

443 

9 

4-57 

16 

24 

4'67 

June      3 

4-66 

4-67 

16 

*S 

474 

4 

4-66 

>3 

456 

"5 

19 

441 

5 

471 

•4 

477 

9 

M.y       1 

4-62 

6 

4-62 

16 

4'66 

9 

47 « 

7 

4-48 

19 

474 

5 

4 

4S7 

4-28 

ao 

470 

6 

5 

473 

4-66 

4'83 

>3 

6 

479 

'3 

469 

23 

4-7  > 

8 

7 

49S 

•4 

446 

24 

477 

16 

9 

4-55 

17 

4-65 

29 

470 

■4 

4'63 

18 

476 

3P 

4-Si 

13 

4-6l 

»9 

504 

3; 

477 

■1 

'3 

443 

446 

Apr.       6 

4-66 

4-Sl 

33 

374 

9 

4-86 

IS 

•S 

4-50 

24 

4-27 

5-ai 

■  8 

474 

2S 

4'5i 

'3 

438 

" 

31 

480 

These  being  collected  for  short  intervals  in  snch  a  vay  as  to  give 
abont  eqnal  veights  for  each  period  as  regards  nights  and  pairs,  we 
have  the  following  table  for  the  variation  of  the  latitude  of  Waikiki 
ftwm  Jane  8, 1891,  to  Jane  21,  1892. 

From  the  preceding  method  of  redaction  it  will  be  seen  that  these 
valnes,  as  &r  as  concerns  the  changes  of  latitude,  are  entirely  free 
tit>m  errors  of  declination. 
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The  preceding  values  are  shown  graphically  in  illustration  No. 

It  is  evident  that  a  sine  carve  follows  in  a  general  way  the  1 
the  variation  of  the  latitude.  Coefficients  for  this  equation  were 
determined  assuming  a  period  of  415  days  for  the  complete  revol 
of  the  axis  of  rotation  about  that  of  the  earth's  figure.  This  brc 
out  the  fact  that  the  period  chosen  was  entirely  too  long,  and,  more 
that  a  second  periodic  tenh,  depending  on  the  cosine,  woidd  mate 
improve  the  agreement  between  the  empirical  formula  and  the  a 
observations.  This  change  being  made,  revealed  the  necessi 
another  slight  change  in  the  period,  and  one  of  378  days  was  usee 

The  equation  of  the  curve  is : 

^  =  ^o  —  0''-311  sin.  nt  +  0''-037  cos.  n t. 

This  was  deduced  by  a  method  of  approximation  devised  to  suit 
particular  case,  and  very  similar  in  its  applicaticm  to  CanchyV  me 
It  was  hardly  thought  worth  while  to  make  a  rigorous  adjustm^ 
the  49  conditional  equations  involved,  because  this  curve  hU 
observations  passably  well.  There  are  22  above,  25  below,  and 
the  line. 

In  order  to  apply  the  method  of  least  squares,  and  to  test  wh 
there  are  periodic  terms  depending  on  the  sines  and  (cosines  of  mu 
angles  of  sufficient  magnitude  to  influence  the  curve  within  the 
of  errors  of  observation,  a  still  further  contraction  of  the  above  v 
was  made.  Taking  the  means  of  successive  groups  of  four 
allowing  them  equal  weight  we  have  the  following  mean  dates 
values  of  the  latitude: 


Date. 

latitude. 
// 

Date. 

Latitiidt. 
// 

1 891 

1892 

June     18 

24-492 

Jan.        7 

24272 

July      22 

•265 

Feb.       3 

.432 

Aug.     15 

•175 

Feb.     27 

-640 

Sept.     17 

•135 

Mar.     24 

•728 

Oct.      28 

•138 

May       3 

•656 

Dec.       5 

•232 

June       7 

•560 

According  to  Fourier's  theorem 

/(^)r=X  +  AiSin  {ai  +  (p)  +  1hBm  {a2  +  2<p)  +  lhfim  {(h+3(p)'\ 

Substituting  the  above  values  of  the  latitude  for  /(<^),  the  i 
value  plus  a  small  correction  (a?)  for  X,  and  putting  the  angular  ' 
of  (p  in  degrees  for  ^  at  the  different  dates  counted  from  July  0, 
on  the  supposition  of  a  period  of  381  days,  we  have  12  condit 
equations,  of  which  the  first  is : 

// 

+  .098  =  JT  -f  ^i  sin  tf I  cos  349°  -f  ^i  cos  ai  sin  349* 
-j-  At  sin  ^9  cos  338®  -f  ^«  ^^  ^  ^^^  33^* 
-|-  At  sin  tfs  cos  327^  -j-  As  cos  as  sin  327^ 


ff,S  Coast  ami  Geadetic  Surrey  R^oi-t  Car  I8S2  -Fai-t,n       9aMr 
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Results  from  cbservatiims  for  the  variation  of  latitude   at    Waikiki, 

Rawaiian  Islands. 

When  the  namerical  values  for  the  trig^ouometrical  functions  are 
eiuployed  and  we  use  y  for  h  sin  a  and  z  for  h  cos  a  the  equations  take 
the  following  form : 


// 

+  •098 

—  -129 

—  '219 

—  •259 

—  256 

—  '162 

—  -122 

4-038 
-f-    246 

4-  -334 
4-  '262 

4--I66 


■.x-\-   'gS2yi 
J^+    934 

J^4-   73* 
4:4-    259 

x—    391 

jc-   -857 

:X—  I-OOO 

x^   -899 
jc—   -656 

:X —     '292 

x+   -809 


—  •I9l2ri-f 
+  •358  + 

4-682  4- 

4- -966  — 

4- -920  — 

+  •515  + 

•000  4- 

-•438  + 

—  •755  — 

—  .956  — 

—  •934  — 
— 588  + 


•927>'8  — 

743  + 

•070  4- 

•866  + 

•695  — 

•469  — 

I'OOO 

•616  4- 

•139  + 

•829  4- 

743  — 

•309  — 


•375«3  + 

•669  4- 

•998  - 

•500  — 

719  + 

•883  4- 

•000  — 

•788  — 

•990  4. 

•559  + 

•669  — 

•951  — 


•839^  — 

•454  + 

•629  4- 

•707  — 

•934  — 

•052  4- 

i-ooo 

•208  — 

•839  - 

•777  4- 

•891  4- 

•309  - 


•545«» 
•891 

777 
•707 

•358 

•999 
•000 

•978 

•545 
'629 

■454 
•951 


From  these  the  following  normal  equations  are  derived: 


X 

4-12 


yi 


Zl 


yi 


y^ 


53 


—   -022 

—  -421 

4-  -826 

4-  -907 

4-    151 

~  -334 

—0003 

+6-43 

4-  -451 

+  -064 

—  -374 

+  -036 

-f  -413 

4-0045 

-f-5-57 

+  ^043 

•082 

—  -494 

4-    828 

1-648 

+5.60 

—   040 

—  -264 

—  -'37 

—0-248 

4-640 

4-  280 
-f5-92 

+  -237 
—    199 

4-6-08 

—0-017 

+0-393 
—0-225 

The  diagonal  coefficients  are  so  much  superior  to  any  of  the  side 
ones  that  the  indirect  method  of  elimination*  can  be  readily  applied, 
and  we  have,  accurately  enough  for  our  purpose,  the  following  values: 


X  ■■ 

y\ 


—  008 
4-  -028 

—  -295 

—  039 


y% 

«3 


-006 

4-040 

-j-  -ooi 


substituting  these  we  get 


09 


174  35 
81  15 

88  34 


^1  =  4.  -297 
A,  =  —039 

//3  =  4-  'O4O 


The  substitution  of  the  above  quantities  in  the  12  conditional  equa- 
tions gives  the  following  residuals : 


0*024 

0-007 

•027 

•020 

•003 

•017 

•022 

•007 

•032 

•013 

•032 

•003 

If  m  =  the  number  of  equations  and 

/« r=  the  rnunber  of  constants  to  be  determined, 


*  0i6  AiMgleiohiuigtreohnungeD,  etc.,  von  Gerling,  p.  386. 
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the  probable  error  of  one  determination  is 

0-675  J-S 
V  m — /I 

from  the  above  residaals  we  get  r  =  i  0/'021 

Substituting  the  values  of  the  constants  in  Fourier's  theorem 

/  (9)  =  24-386  +0-297  sin  (174  35  +     9;) 

-  -039  sin  (  81  16  +  2  (p) 
+  -040  sin  (  88  34  +  3  9>) 

and  the  formula  becomes 

//  //  // 

Latitude =24-386+0-028  cos    ^—0-297  sin     tp. 

-  -039  cos  2  ^-  -006  sin  2  qK 
+  -040  cos  3  qf+  .001  sin  3  <p. 

This  equation  is  shown  graphically  in  illustration  No.  16  as  well  as 
the  observational  values  from  which  it  was  derived. 

The  first  differential  coefficient  becomes  zero  at  71.4^  and  at  261.3^. 
Hence  there  is  a  minimum  at  September  14, 1891,  and  a  maximum  at 
April  2, 1892.    The  amplitude  is  0.''621. 

Of  course  a  stiU  closer  agreement  could  be  made  by  using  the  quad- 
ruple angle  and  so  on  until  we  should  arrive  at  the  number  of  condi- 
tional equations.  Just  how  far  this  approximation  must  be  carried  iu 
order  to  bring  out  the  real  facts  of  the  case  can  only  be  determined  by 
appealing  to  the  observations  themselves.  Some  light  is  thrown  on  the 
subject  by  noting  the  concordance  between  theory  and  observation  for 
successive  applications  of  multiple  angles.  To  this  end  are  shown  in 
illustrations  No.  17  and  No.  18  the  curves  for  equations  depending  on 
the  single  and  double  angles,  and  also  a  superposition  of  one  over 
the  other  for  the  sake  of  direct  comparison. 

In  the  acyustment  by  least  squares,  when  we  have  arrived  at  such  a 
point  that  the  probable  error  of  one  of  the  conditional  equations  is 
practically  equal  to  that  calculated  independently  from  the  errors  of 
observation  and  declination,  we  may  safely  conclude  that  a  sufficient 
number  of  constants  have  been  employed,  and  that  all  facts  have  been 
brought  out  which  the  accuracy  of  the  observation  warrants. 

In  the  present  case  we  have  the  following  criterion.  From  the  63 
pairs  of  stars  used,  the  average  probable  error  of  a  declination  is 
0."257  and  that  of  the  mean  of  two  declinations  would  be  0.''181.  The 
probable  error  of  observation  as  already  given  is  0.^^155,  so  that  the 
result  of  one  determination  of  latitude  would  be  subject  to  an  error 
of  V0.181»+0.'155  or  0.''238.  Each  one  of  the  latitudes  used  in  forming 
the  conditional  equations  is  the  result  of  combining  about  200  individual 
ideterminations,  so  that  we  should  expect^  since  the  precision  increases 
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Ee^uUs  from  observatiomt  for  the  ijariatian  of  latitude  at  Waikiki^ 

Hawaiian  Islands. 

as  tlie  sqaare  root  of  the  nninber  of  observations,  a  probable  error  of 
0/^017  for  each  one  of  these  collective  resnlts.  As  a  matter  of  fact  the 
least  sqaare  work  gives  0/^021  for  this  quantity,  so  that  we  may  con- 
sider that  the  constants  employed  are  sofBlcient  and  necessary  to  ex- 
press the  observations.  The  use  of  the  triple  angle  is  therefore  justi- 
fied, and  the  introduction  of  constants  terminates  here. 

Before  closing,  it  should  be  added  that  the  difference  of  about  0.'^5 
between  the  determinations  of  Dr.  Marcuse  and  my  own  is  due  to  two 
causes :  the  position  of  the  observatories  and  the  adopted  star  places. 
The  Coast  and  Geodetic  Survey  observatory  was  0."3  south  of  that 
of  the  International  Association  (see  illustration  No.  11),  and  the  dec- 
linations deduced  by  Mr.  Farquhar  for  the  Bradley-Auwers  stars 
account  for  the  remainder. ' 
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APPENDIX  No.  3— 1892, 


ON  THE  RESULTS  OF  SPIRIT  LEVELING  OF  PRECISION  BETWEEN  OKO- 
LONA,  MISS.,  AND  ODIN,  ILL.,  FROM  OBSERVATIONS  MADE  BY  J.  B. 
WEIR,   ASSISTANT;   ISAAC   WINSTON  AND  P.   A.  WELKER,  SUBASSIST- 

-  ANTS,  AND  F.  A.  YOUNG,  AID. 


A  report  by  Charles  A.  Sciioit,  AHsistant,  and  Cbief  of  the  Compoting  Division. 

Submitted  for  publication  December  20,  1892.  ' 


I  have  the  honor  to  submit  herewith  a  report  ou  the  results  of  spirit 
leveling  of  precisiou  between  Okolona,  Miss.,  and  Odin,  IlL  This  is  in 
continuation  of  the  exact  leveling  between  tlie  Gulf  of  Mexico  (at  Biloxi 
and  Mobile)  and  St.  Louis,  Mo.  The  latter  j)hK'e  is  reache<l  from  Odin 
by  the  levels  along  the  the  thirty-ninth  i)arallel.  Kespecting  the  start- 
ing point,  Okolona,  see  my  report  of  September  28,  1888,  and  for  Odin 
and  St.  Louis^  see  Api)endix  No.  8,  0.  and  G.  S.  Eep.  for  1882,  p.  555. 

Route  line. — ^From  Okolona  the  line  follows  the  Mobile  and  Ohio 
Kailroad  to  Gorintli,  Miss.,  and  Jiickson,  Tenn.;  thence  by  the  Illinois 
Central  Railroad  to  Gairo,  111.,  and  Villa  Ridge,  111.  (close  to  it);  from 
here  it  continues  by  the  same  road  to  Odin,  111.;  thence  to  St.  Louis, 
Mo.,  along  the  Ohio  and  Mississippi  Railroad.  See  accompanying  dia- 
^nram  (illustration  No.  19). 

The  distances  are  as  follows : 

Biloxi  (Tidal  mark)  to  Mobile  (A)  943  km.  or    586  st.  miles. 

Mobile  (A)  to  Okolona  (K)  4235  263- 1 

Okolona  (K)  to  (ireentleld  (XV)  2654  1649 

Greenfield  (XV)  to  Villa  Ridjje  (Z.,)  1281  79  6 

Villa  Ridge  (7^)  to  Olin  (Ma  or  V)  1760  109-4 


Total  from  Biloxi  lo  Odin,  i  0873  6756 

Observers  a)id  dates, — Section  I,  from  Okolonu,  Miss.,  to  Ja<;kson, 
Tenn.:  forward  measure  by  Subassistant  J.  Winston,  backward  meas- 
ure by  Mr.  P.  A.  Young,  and  from  Jiickson,  Tenn.,  to  Greenfield,  Tenn., 
backward  by  Winston  and  forward  by  Young;  between  October,  1889, 
and  March,  1890.  Section  II,  from  Greenfield  to  Villa  Kidge,  111.:  for- 
iirard  and  backward  measures  by  Subassistants  Winston  and  P.  A. 

8.  Er.  87 U  161 
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Welker,  between  October,  1888,  and  January,  1889.  Section  III,  from 
Villa  Eidge  to  Odin,  III.,  between  April  and  June,  1885,  Assistant  J. 
B.  Weir,  observer. 

InstrumentH  and  method  of  obHerring. — Section  1  was  run  independ- 
ently forward  and  backward,  the  observers  changing  direction  at 
Jackson.  Winston  used  geodetic  micrometer  level  No.  5  and  Young 
used  No.  6;  these  levels  were  made  at  the  Survey  Office  in  1888.  Bee- 
tion  II  was  run  twice,  independently,  once  forward  and  once  backward, 
the  observers  changing  directions  frequently;  the  observers  used  geo- 
detic micrometer  levels  No.  2  and  No.  3.  Section  III  was  the  last  line 
run  by  the  old  method  of  two  parallel  and  simultaneous  lines,  alternate 
stretches  (of  5  to  10  miles)  being  run  in  opposite  directions;  mierom- 
eter  level  No.  1  was  employed.  The  rods  were  generally  ^M)  metres 
apart,  with  the  instrument  mounted  midway  between  them. 

The  insti'umental  constants  are  as  follows: 
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InBtroments  Nos.  5  and  6  are  of  the  same  pattern  as  No.  1 ;  see  plate 
No.  46  in  G.  and  G.  Survey  Keport  for  1880.  Coefficient  of  expansion  of 
brass  scale  of  rods  0*000018  for  centigrade  scale. 

A  description  of  the  permanent  bench  marks  is  appended  to  this 
report. 

Ocmputaiion  and  results. — Field  computations  were  made  by  the 
respective  observers;  the  second  or  independent  office  computation 
were  made  by  the  following  computers  under  the  general  supervision 
of  Mr.  L.  A.  Bauer,  viz :  Section  I  by  Subassistant  J.  Nelson,  aided 
by  A.  Bonnot,  J.  B.  Boutelle,  and  H.  P.  Flynn  (October,  1892);  Section 
n  by  F.  A.  Young,  while  temporarily  attached  to  the  computing 
Division,  aided  by  J.  Page;  Section  III  by  F.  M.  Little  (September, 
1888).  Special  tables  of  (corrections  for  curvature,  refraction,  collar 
inequality,  and  temperature  were  constructed  for  each  instrument  to 
facilitate  their  application.  The  two  computations  were  collated  and 
the  final  results  are  as  follows :  . 
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.  Supplsmentary  Kei^hU  {approximate)  of  points  along  the  ^obile  and  Ohio 

and  Illinois  Central  Railroad. 


Location. 


Description. 


Shannon,  Miss., 

Verona,  Miss., 
Tupelo,  Miss., 

SaUillo,  Miss., 


Guntown,  Miss., 

Baldwyn,  Miss., 
Wheeler,  Miss., 
Boonesville,  Miss., 


Rienzi,  Miss., 


Corinth,  Miss., 


State  line, 

Corinth,  Miss., 
Ramcr.  Tenn., 

Falcon,  Tenn., 

Selma,  Tenn., 

Bethel  Springs,  ienn., 


McNairy,  Tenn., 

Henderson,  Tenn., 
Vinson,  Tenn., 


Jackson,  'i'enn., 
Oaktield,  Tenn., 

Medina,  Tenn., 


County  road  crossing,  2  miles  south  of,     ground 
Opposite  Mobile  and  Ohio  R.  R.  station,     do. 
County  road  crossing,  at  Clarke's  sawmill,  mid- 
dle of  track,  ^   ground 
Opposite  Mobile  and  Ohio  R.  R.  station,  middle 

of  track,  ground 

Crossing  of  Mobile  and  Ohio  and  Kansas  City 

Belt  R.  R.,  ground 

In  front  of  Mobile  and  Ohio  R.  R.  freight  de- 
pot, ground 
County  road  crossing,  i^  miles  south  of,  middle 

of  track,  ground 

Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  3  miles  north  of,  middle  of 

track,  ground 

Opposite  Mobile  and  Ohio  R.  R.  station,  middle 

of  track,  ground 

do.,  do. 

County  road  crossing,  middle  of  track.  do. 
County  road  crossing,  3  miles  south  of,  middle  of 

track,  ground 

Ground  on  line  with  north  end  of  Mobile  and 

Ohio  R.  R.  station. 
County  road  crossing,  2^  miles  south  of,    ground 
Opposite  north  end  of  Mobile  and  Ohio  R.  R. 

station,  ground 

County  road  crossing,  5^  miles  south  of,  do. 
County  road  crossing,  4  miles  south  of,  do. 
Crossing  Mobile  and  Ohio  and    Massillon  and 

Cleveland  R.  R.,  ground 

County  road  crossing,  3  miles  north  of,  do. 
Crossing   Mobile   and   Ohio   R.    R.   and   State 

line,  ground 

County  road  crossing,  5  miles  north  of,  do. 
County  road  crossing,  i  mile  south  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  3  miles  south  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  do. 

Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  \\  miles  north  of,  do. 
County  road  crossing,  4  miles  north  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  3^  miles  north  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  2  miles  south  of,  do. 
County  road  crossing,  i  mile  south  of,  do. 

Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
Crossing  Illinois  Central  and  Mobile  and  Ohio 

R.  R.  ground 

County  road  crossing,  Illinois  Central  R.  R.,  i^^ 

miles  south  of,  ground 

Opposite  mail  stand,  Illinois  Central  R.  R.,  do. 
County  road  crossing,  \  mile  north  of,  do. 

County  road  crossing,  4  miles  south  of,  do. 
County  road  crossing,  i^  miles  south  of,  do. 
Opposite  Illinois  Central  R.  R.  station,        do. 


Height 
above  aver- 
age Gulf 
level. 


Metres. 
8011 

73-9S 

74-73 
9192 

82-41 

83-66      -^ 

90.06     '^^ 
95-24     — i 

106-34     — 

116-10 

114-04 
109-25 


1 18-14 

153*60 
136-68 

13273 

131-39 
14036 

13288 
146-31 

154-01 
142-23 
126-42 
12556 
125-59 
1.^-32 
132-95 
139-76 

144*30 
155-68 

13685 
129-65 
128-49 
116*02 
117-65 
115-96 

129-57 

126-76 

134-31 
131-04 
110-16 

143-47 
15009 


/ 


REPORT   FOR   1892 — PART   II. 


177 


Sitfplementarif  heightM  {approximate)  of  points  along  the  Mobile  and  Ohio 

a$id  Illinois  Central  Railroad. 


Locfttion. 

1 

Description. 

Height 
abOT»  aver- 

1^' 

1 
1 

1   Medina,  Tenn., 
>  Milan,  Tenii.9 

Cadis  Mill,  Tcnn., 
Idlewild,  Tenn., 

Bradford,  Tenn., 

i 

1 

County  road  crossing,  2  miles  north  of,     ground 
County  *road  crossing,  5  miles  south  of,        do. 
County  road  crossing,  3^  miles  south  of,      do. 
County  road  crossing,  2|  miles  south  of,      do. 
County  road  crossing,  i|  miles  south  of,      do. 
Crossing  of  Illinois  Central  and  Louisville  and 
Nashville  R.  R.,                                     ground 
County  road  crossing,  2  miles  north  of,        do. 
County  road  crossing,  3  miles  north  of,        do. 
County  road  crossing,                                    do. 
County  road  crossing,  2  miles  south  of,        do. 
County  road  crossing,  i  mile  south  of,         do. 
County  road  crossing,  just  north  of,             do. 
Opposite  Illinois  Central  R.  R.  mail  stand,  do. 
County  road  crossing,  2  miles  south  of,        do. 
County  road  crossing,  i  mile  south  of,          do. 
In  front  of  Illinois  Central  R.  R.  station,     do. 
County  road  crossing,  2  miles  north  of,        do. 

Me/res. 
162*09 
14903 

U303 
137-90 
13750 

128*44 
120*87 
120*68 

112*11 

108*46 

1 19*29 
111*98 
112*52 

119*64 
126*98 
110*17 

99*93 

6.  Ex.  87 12 
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The  probable  errors  of  the  resulting  beighto  will  have  to  depend  on 
the  discordances  of  the  forward  and  backward  measures  for  Sections  I 
and  II,  and  on  the  differences  between  resultn  by  rods  E  and  F  for  the 
simultaneous  lines  of  Section  III.  Results  thus  obtained  do  not  take 
into  account  systematic  or  constant  errors  to  which  the  observatioui$  are 
known  to  be  liable;  this  latter  chiss  of  uncertainty  can  only  be  recog- 
nized by  the  closing  of  loops  of  lines  of  levels.  The  pheuomenoii  of 
accumulation  of  errors  in  tlie  same  direction  is  quite  prominent  in  Seetioa 
II,  where,  in  a  distance  of  128^"< ,  and  during  about  three  mouths  (October 
to  January),  the  discrepancy  rises  from  114"»"'  to  3I0""»-  in  a  surprii- 
ingly  steady  manner;  the  rate  of  divergence  is  l-oS™"-  per  kilometi^  (or 
in  angular  value  O'S'O?  s^nd  is  apparently  uninfluenced  by  the  varying  cir- 
cumstances during  the  measure  of  the  line.*  The  serious  partoftiiis 
behavior  is  the  fact  that  we  have  no  assurance  that  the  mean  result  of  the 
two  measures  converges  to  or  diverges  from  the  true  value  of  the  level. 
Throughout  the  line  the  temporary  marks  are  about  e(|ually  distributed 
and  not  far  from  a  kilometre  apart;  hence  we  use  the  Ibrmula  for  the 

probable  error  per  km.  for  double  leveling  r,,=0'076  ^/1-p-  and  for  the 

V  4  fifj 

terminal  x>oint  at  the  distance  S=[>f]  the  value  r=0'675  •%/ ^   -l 

Table  of  probable  crrorn  of  reHultM, 


1 

Designation  of  line  M  levels. 

s=[.j 

km. 

U'i\      . 

H. 

1 
mm . 

r 

mm.     ^ 

Biloxi,  Miss.  (Tidal  mark).  Id  Mo- 

94-3 

434 

94 

±074  ' 

-ii7'^ 

bile,  Ala.  (A). 

Mobile,  Ala.  (A),  to  Meridian,  Miss. 

219-2    , 

10S4* 

178 

io-83 

iirS 

Meridian,  Miss.  (C),   to  Okolona, 

204-2 

875*  . 

138 

io-87 

±»-5 

Miss.(K). 

f% 

Okolona,    Miss.    (K),   to   (juinih, 

1095 

«.V) 

100 

1093  ' 

J.  9-8 

Miss.  (V). 

Corinth,  Miss.  (V),  to  (Jrccnticld, 

»550 

^'57 

«35 

±«'25 

TIS7 

Tenn.  (XV). 

Greenfield,  Tenn.    (XV),   to  \  ilia 

I2S-2 

i»75 

112 

!       4,102 

±11-6 

Ridge,  111.  (Za). 

VillaRidgc,  111.  (Z3),toOdin,  111.  (V; 

1701) 

S09* 

u>o 

-10-91 

j-iz-i 

*  Part  of  this  distance  consists  of  simultaucout  parallel  lines,  i.  e.,  the  part  from  MobUe  to  Citroodl'i 
Ala.,  for  which  [</«/]  =  225  and  [x]  =  53-66,  here  we  substitute  r6  \dd\  for  [</</],  and  we  likewise  laultir'^ 
by  1*6  the  \dd\  of  the  other  two  marked  (*)  lines  in  order  tu  allow  (empirically)  for  the  factthttsnc* 
lines  do  not  develop  the  whole  of  the  discrepancies.  This  amounts  to  increasing  the  probable  en^"^ 
S5  per  cent  in  order  to  give  a  more  correct  value  and  one  mo.e  com[>arable  with  independent  lines,  v^ 
.\pp.  No.  10.  Ke(K>rt  fur  1888,  p.  423.) 

Since  the  mean  error  m\  of  a  siiiji^le  h»vcliii<»*  of  w  kilometre  isfr^* 
queiitly  used  for  purposes  of  coinparisoii,  it  is  given  below,  computed 

*  In  the  parallel  siiiiultaneous  liiie^  of  Section  III  the  discrei);mcy  riH€»»  slowly  ba* 
more  rapidly  towardn  the  end  and  ulwuvs  with  the  same  sign  from  0  to  44°'"''  i* 
ITB*^'"-,  evidently  \n\rl  of  the  ditterenoe  being  oomiuou  to  the  two  hues;  heuce  itdll 
appears  in  the  comparison. 
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rmi=  jEp..     For  lines  froui  Okoloiia  to  Greenfield  m  =  ±  2-38»"", 

reeniield  to  Villa  Bidge  Wi  =  ±  2-14'"'" ,  and  from  Villa  Ridge  to  Odin 
I  =  ±  1-90"™-,  the  last  increased  by  one-fourth  of  its  amount. 
The  total  resulting  probable  error  of  leveling  between  Biloxi  and 
din,  a  distance  of  1 087''" ,  sums  up  as  follows: 
\/  [r^]  =  ±  Sl'l"*"  for  uncertainty  in  leveling,  and  ±  25'0'""''  for  uncer- 
inty  in  the  tidal  level,  hence  by  combination  the  height  and  i)robable 
Tor  of  the  Odin  bench  mark  V  becomes  .    .    .    159-G17"*  ±  0-040"' . 
Closing  of  loops. — In  the  first  place  we  have  the  grand  loop: 

iandy  Hookj  HT.  «7.,  OcZin,  IW.,  and  Biloxi,  Miss.,  with  Gulf  a^id  ocean. 

Appendix  No.  11,  Report  for  1882,  p.  552,  gives  for  height  of  bench 
ark  V  at  Odin  161-348">  ±  0-047"»,  hence  the  discrepancy  1-731'" .  The 
u*t  of  the  line  from  Hagerstown,  Md.,  to  Odin  has  no  checks,  nor  is 
16  identity  of  the  Gulf  and  Atlantic  levels  assured;  the  assigned 
*obable  errors  evidently  do  not  represent  the  true  state  of  the  case. 

Second  loop:  CairOj  Odin,  St.  Louis,  Cairo. 


m. 


Distance. 
km. 

1947 


f  AA  Cairo  (i)  to  Odin  (V),  +634908 

I. \  AA  Odin  (V)  to  St.  Louis  (J3  or  Ka),  —34*4398         '     1036 

I AA  St.  Loui5  (J3  or  K3)  to  Cairo  (i),  — 292737  2757   Report  Miss.  River 

Comm'n,  1883. 

Closing  error,  — 0*2227         i 

Third  loop:  Corinth,  Cairo,  Memphis,  Corinth. 


m.  1       /v// 

fAA  Corinth  (V)  to  Cairo  (1),  —41- 1023  265-2 

AA  Cairo  (i)  to  Memphis  (U.S.  B.M.),       — 16*3222 

Memphis  (U.  S.    B.  M.)  to  Cor-       +57-2160  (?) 
inth  (V), 

Closing  error,  — 0*2085 


I  A>& 


330-8  Re|X)rt  Miss.  River 
Comm'n,  i88i-'83. 
153*1  (?)  Field  comp'n.  * 


^ourth  loop:  Biloxij  Mobile,  Corinth,  Memphis,  Vicksburg^  New  Orhans, 

Biloxi. 


1. 


m. 

'  AA  Biloxi  (T.  B.  M.)  to  Corinth  (V),       +137*2281 
Ai  Corinth    (V)   to  Memphis       —57*2160  (?) 

(U,  S.  B.  M.), 
AA  Memphis  (U.  S.  B.  M.)  to  Biloxi       —80*3192 
(T.  B.  M.), 


Jkm. 
627-3 
153-1  (?)  Kield  comp'n.* 

1053-8  Reports  Miss.  River 
Comm'n. 


Closing  error,  —0*3071 

Making  use  of  the  conventional  expression  5  \/[«J  to  indicate  the 
reatest  closing  error  that  might  be  tolerated  in  a  line,  we  have  for  the 

*Tlie  o|Bop  computatioa  was  nearly  completed  by  Mr.  Nelsoa  when  he  was  assigned  to  other  duty. 


I*i 


*-   :g 


jr«  fa  «xi»i»H  -if 


iif 


^^■y-iuS 


JfobiU 


Biloxt 


New  Orleans 


\Am\^  fomjiiig  one  more  k><»p  and  suiitaiiiiug  the  Mi&Mss»ippi  KiverCom- 
friiMHJon  IfKip  V'ickHbiirgy  Hhreveport,  Fort  Adams.  Indeed,  from  a  let- 
\/nT  of  Capt.  J.  ir.  Willard  to  the  Chief  of  Engineers  ^yoTembe^  8, 1890), 
it  afifiearM  that  Vji;kHbarg  and  Meridian  have  been  connected  by  ordi- 


'They  correspoud  to  a)>uat  7  i/[f  ] 
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uaiy  railroad  leveling;,  aud  are  said  t4»  show  a  discrepancy  of  about  1 
foot  a8  compared  with  oitr  result. 

In  iNMiseqnence  of  the  earthen  rotation,  the  eciuiiKitential  {^uiiaces  that 
may  be  passeil  throug^h  Biloxi  and  Odin  y^U  converge  towanl  the 


m. 


north;  the  convergence  will  amount  to  ^=  —  (HK)514/t  ^(psin  2<^, 
where  ^  ^  =  diflference  in  latitud«'.  (expressed  in  part«  of  the  nulius). 
For  latitudes  30o  24'  and  38°  38'  and  h  =  120'"  we  have  A  =  -  0-087"',  a 
qa<antity  of  the  same  order  of  magnitude  as  the  observing  error.  For 
uniform  slope  of  profile  one-half  of  this  amount,  or  0*044*",  would  have 
to  be  subtracted  from  the  elevation  of  the  northern  station.  The  exin'es- 
sion  for  A  depends  on  the  relation  hi  gx  =  ht  //-i,  a  constant,  which  must 
hold  between  any  two  adja(;ent  equipotential  surfaces,  g  representing 
gi'avity  and  h  the  corresponding  distance  between  them,  and  this  forms 
the  basis  of  the  so-called  orthometric  correction,  now  recognized  as  a 
necessity  in  refined  leveling.  This  will  be  attended  to,  together  with 
the  adjustment  of  the  loops,  as  soon  as  the  needed  data  are  all  on  hand. 
I  close  this  report  with  a  statement  of  the  several  indei)endent  and 
unadjusted  results  for  height  of  St.  Louis,  Mo.  (B.  M's.  J3  and  K;)  at 
Bridge.) 

w. 

1.  By  the  MiMinsippi  Kiver  route.  Biloxi.  New  OrIeaii8,  VickHhinx.  eto.  125*9ir> 

2.  By  the  Meridiaiial  route,  Hiloxi,  Mobile,  Corinth,  0<lin,  etc.  125*177 
(The  difference  of  1  ami  2  e<iual8  the  »uni  of  the  closiug  errors  of  the 

3  loops. ) 
3.*  By  the  Great  Lakes,  Sandy  Hook,  Albauy,  Chicago,  etc.  126'10() 

4.     By  the  .^th  paraUcl  route.  .Sandy  H(K>k,  Cincinnsiti.  et^-.  126'908 

For  the  present  we  may  ivdopt  the  i)reliminary  viihu*  12.1-8  ni.  <«•  412'7 

ftH?t. 


*  Water  levels,  in  part. 
S.  Ex.  37—13 
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Section  I. — Location  and  description  of  permanent  bench  marJcs  between 

Okolona,  Miss.,  and  Greenfield^  Tenn. 

K. — At  Okolona,  Chickasaw  Gonnty,  Miss.  Center  of  bolt  leaded 
horizontallj  into  a  brick  on  the  east  front,  and  near  the  south  end 
of  cotton  warehouse  occupied  by  C.  B.  Smith.  The  brick  is  the 
thirteenth  one  south  of  the  door  and  in  the  twenty-second  coane 
from  the  ground. 

L. — ^At  Okolona,  Miss.  The  center  of  a  copper  bolt  leaded  into  a  brick 
on  the  southwest  pier  of  the  Mobile  and  Ohio  Railroad  station. 
The  brick  is  the  middle  one  on  the  west  side  of  the  pier,  and  is  on 
the  seventh  course  from  the  ground. 

M. — On  the  Mobile  and  Ohio  Railroad  bridge  over  Tubby  Lubby 

Creek.    The  bottom  of  a  square  cavity  cut  in  the  capstone  of  the 

pier  on  the  north  bank  of  the  creek.    It  is  west  of  the  track  and 

is  roughly  lettered: 

U.  S. 

D 

B.  M. 

N. — ^At  Shannon,  Lee  County,  Miss.  The  center  of  a  cross  cut  on  a 
brass  bolt  leaded  horizontally  into  a  brick  in  the  east  wall  of 
B.  B.  Clark  &  Co.'s  store.  The  brick  is  in  the  sixth  row  above  the 
foundation,  and  is  the  sixth  one  from  the  north  end  of  wall. 

O. — At  Verona,  Lee  County,  Miss.  The  center  of  a  cross  cut  on  a 
brass  bolt  leaded  horizontally  into  a  brick  in  the  south  firont  of 
B.  L.  Trice  &  Son's  store.  The  brick  is  in  the  sixth  row  above 
the  foundation  and  is  the  third  one  from  the  west  side.  ^ 

P. — At  Tupiilo,  Lee  County,  Miss.  The  center  of  a  cross  cut  on  a  brass 
bolt  leaded  horizontally  into  a  brick  in  the  front  wall  of  Fulton 
Hotel.  The  brick  is  in  the  twenty-first  course  above  the  ground, 
and  is  the  second  one  from  the  southeast  corner. 

Q. — At  Satillo,  Lee  County,  Miss.  The  bottom  of  a  square  cavity  cnt 
in  a  limestone  block  set  in  the  front  yard  of  James  B.  Boling's 
house,  near  the  northwest  corner  of  the  brick  flower  pit  on  the 
south  side  of  the  house.  The  block  is  6  inches  square,  projects  6 
inches  above  the  ground,  and  is  marked  thus: 

U.     S. 

D 

B.     M. 

B. — ^At  Gnntown,  Lee  County,  Miss.  The  center  of  a  cross  cnt  on  a 
br<as8  bolt  leaded  horizontally  into  a  brick  in  the  chimney  on  the 
north  end  of  J.  W.  Kemodle's  house.    The  brick  is  in  the  twelfth 
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course  above  the  ground,  and  is  the  second  one  from  the  outer 
face  of  chimney  on  the  side  toward  the  fiix)nt  of  the  house. 
. — At  Baldwyn,  Lee  County,  Miss.  The  bottom  of  a  square  cavity 
cut  in  a  limestone  block  set  in  the  southwest  corner  of  the  yard 
to  the  Bucey  Hotel.  The  block  is  6  inches  square,  projects  6 
inches  from  the  ground,  and  is  marked  thus: 

U.     S. 

D 

B.    M. 

. — At  Booneville,  Prentiss  County,  Miss.  The  center  of  a  cross  cut 
on  a  brass  bolt  leaded  horizontally  into  a  brick  in  the  east  front 
of  the  court-house.  The  brick  is  in  the  eighteenth  course  below 
the  window  sill,  and  is  the  second  one  from  the  northeast  corner 

. — At  Bienzi,  Alcorn  County,  Miss.  The  center  of  a  cross  cut  on  a 
copper  bolt  leaded  horizontally  into  a  brick  in  the  outer  face  of 
t^e  north  chimney  on  the  east  side  of  Taylor's  Hotel.  The  brick 
is  in  the  fifteenth  course  above  the  ground,  and  is  the  third  one 
from  the  north  side  of  chimney. 

'. — At  Corinth,  Alcorn  County,  Miss.  The  center  of  a  cross  cut  in  a 
brass  bolt  leaded  horizontally  into  a  brick  in  the  east  walTof  a 
store  on  Waldren  street.  The  building  is  opposite  the  court-house, 
and  is  used  as  the  city  hall.  The  brick  is  in  the  third  course  above 
the  sill  of  the  window,  near  the  north  end  of  building,  and  is  the 
fourth  one  south  of  this  window. 

^ — At  Corinth,  Miss.  The  center  of  a  cross  cut  in  a  brass  bolt 
leaded  horizontally  into  a  brick  in  the  west  wall  of  court-house. 
The  brick  is  in  the  fourteenth  row  below  the  line  of  window  sills, 
and  in  the  fifth  one  south  of  the  fifth  cellar  ventilator,  counting 
fix>m  the  northwest  comer  of  the  building. 

■ — ^At  Bamer,  McNairy  County,  Tenn.  The  center  of  a  cross  cut  in  a 
brass  bolt  leaded  horizontally  into  a  brick  in  the  pier  under  the 
southwest  corner  of  the  Mobile  and  Ohio  Bailroad  station.  The 
brick  is  in  the  fourth  course  from  the  top  of  pier,  and  is  the  one 
on  the  southeast  corner.  The  end  of  the  bolt  is  about  one-fourth 
inch  below  the  outer  face  of  the  brick. 

" — -At  Falcon,  McNairy  County,  Tenn.  A  brass  bolt  leaded  hori- 
zontally into  a  brick  in  the  chimney  on  the  south  end  of  a  house, 
owned  by  the  Mobile  and  Ohio  Bailroad  Company,  standing  a 
short  distance  north  of  the  railroad  station,  on  the  west  side  of 
track.  The  brick  is  the  second  one  from  the  southeast  comer  of 
the  chimney,  in  the  sixth  course  above  the  foundation,  on  the  side 
fronting  the  railroad  track. 

^^At  Bethel  Springs,  McNairy  County,  Tenn.  The  surface  inclosed 
between  two  file  marks,  about  1  inch  apart,  on  one  of  the  raised 
portions  of  the  corrugated  iron  door  sill  of  Stovall,  Epps  &  Hendrix 
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Co.'«  brick  storehouse.  The  mark  is  5J  inches  from  the  frout  edjL'o 
of  the  sill  and  5^  inches  from  the  wall  forming  the  south  side  of 
the  building. 

XXVII. — At  McNairy,  McNairy  County,  Tenn.  The  bottom  of  a 
square  cavity  cut  in  the  rock  foundation  of  the  chimney  at  the 
south  end  of  E.  W.  Sheffield's  house,  near  the  southeast  corner  of 
the  chimney.  The  house  is  on  the  west  of  and  fronts  the  railroad, 
about  one-fourth  mile  south  of  the  station. 

XXVI. — At  Henderson,  Chester  County,  Tenn.  Tlie  center  of  a  cross 
cut  on  a  brass  bolt  leaded  horizontally  into  a  brick  in  the  south 
wall  of  J.  F.  Hamlett's  storehouse.  The  house  is  west  and  a  short 
distance  north  of  the  railroad  station,  facing  the  railroad  track. 
The  brick  is  in  the  fifth  course  above  the  ground,  and  is  the  sixth 
one  from  the  southwest  comer  of  the  building. 

XXV. — ^At  Pinson,  Madison  County,  Tenn.  The  center  of  a  cross  cut 
in  a  brass  bolt  leaded  horizontally  into  a  brick  in  the  front  of  M. 
M.  Robin's  store.  The  house  is  west  and  a  short  distance  north  of 
the  railroad  station,  facing  the  track.  The  brick  is  in  the  eleventh 
course  above  the  sidewalk,  and  is  the  second  one  from  the  north- 
east corner  of  the  building. 

XXfv. — About  2^  miles  south  of  Jackson,  Tenn.  The  bottom  of  a 
square  cavity  cut  in  the  stone  coping  of  the  brick  pier  at  the  north 
end  of  the  Mobile  and  Ohio  Railroad  bridge  over  Forked  Deer 
River.  The  mark  is  west  of  the  track  near  the  lower  chord  of 
bridge,  and  about  13  inches  from  the  north  edge  of  stone. 

XXIII. — At  Jackson,  Tenn.  The  bottom  of  a  square  cavity  cut  in  the 
capstone  of  the  retaining  wall  in  front  of  one  of  the  basement 
windows  of  the  Federal  Building,  corner  of  Market  and  Baltimore 
streets.  The  window  is  just  north  of  the  Market-street  entrance. 
The  stone  is  marked  thus : 

U.    S. 

D 

B.    M. 

XXII. — At  Jackson,  Tenn.    The  bottom  of  a  square  cavity  cut  in  the 

capstone  of  the  brick  pier  at  the  west  end  of  the  Illinois  Central 

Railroad  bridge  over  Market  street.     It  is  south  of  the  track,  aud 

marked  thus: 

U.    S. 

D 

B.    M. 

XXT. — At  Oakfield,  Madison  County,  Tenn.  Tlie  bottom  of  a  square 
cavity  cut  in  a  limestone  block  set  in  the  southwest  corner  of  the 
front  yard  of  R.  Daniel's  house,  which  stands  just  north  of  the 
store  and  post-office.  The  block  is  (>  inches  square^  projects  6 
inches  from  the  ground,  and  is  marked  thus: 
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u .    St 

a 
B.     M. 

X. — At  Medina,  Gibson  County,  Tenn.  The  bottom  of  a  square 
cavity  cat  in  a  limestone  block  set  in  the  northwest  corner  of  W. 
A.  House^s  front  yard.  The  blo(;k  is  6  inches  square,  x)rojects  6 
inches  firom  the  ground,  and  is  marked  thus: 

U.    S. 

a 
B.    M. 

3X. — At  Milan,  Gibson  County,  Tenn.  The  bottom  of  a  square 
cavity  cut  in  a  limestone  block  set  in  the  front  yard  of  Dr.  M.  1). 
L.  Gordon's  house,  on  Main  street,  near  the  public  school.  The 
stone  is  north  of  the  house,  ne<ar  the  back  fence.  It  is  G  inches 
square,  and  marked  tlius : 

U.    S. 

o 
B.    M. 

V"III. — At  Milan,  Tenn.  The  center  of  a  cross  cut  on  a  brass  bolt 
leaded  horizontJilly  into  a  brick,  in  the  north  wall  of  the  building 
on  the  southwest  corner  of  Front  and  Main  streets.  The  brick  is 
in  the  seventh  coarse  above  the  pavement,  and  is  the  sixth  one 
east  of  the  second  doorway  from  the  west  end  of  the  building. 

i^II. — At  Bradford,  Gibson  County,  Tenn.  The  bottom  of  a  square 
cavity  cut  in  a  granite  block  set  in  the  southwest  corner  of  the 
front  yard  of  J*  T.  Cain's  house,  which  stands  southeast  of  the 
railroad  station,  fronting  on  the  track.  The  stone  is  6  inches 
square,  projects  6  inches  from  the  ground,  and  is  marked  thus: 

U.    S. 

B.    M. 

^I, — ^Near  Greenfield,  Tenn.    Found  unstable,  abandoned. 

^. — At  Greenfield,  Tenn.  A  small  hole  in  a  brass  bolt  leaded  hori- 
zontally into  a  brick  in  the  front  wall  of  Darling  Jones'  store- 
liouse.  The  brick  is  in  the  eighth  course  above  the  pavement,  and 
is  the  third  one  from  the  northwest  corner  of  the  building. 
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Section  XL — Location  and  description  of  permanent  bench  marks  between 

Oreenjhldj  Tenn,,  and  Villa  Ridge,  III, 

XV. — ^At  Greenfield,  Tenn.-   Described  in  Section  I. 

XIV. — At  Sharon,  Weakly  County,  Tenn.  The  center  of  a  cross  cut 
in  a  brass  bolt  leaded  horizontally  into  a  brick  in  the  chimney  at 
the  north  end  of  Lloyd  Dodd's  house.  The  brick  is  in  the  twenty- 
fourth  course  above  the  ground,  near  the  middle  of  tiie  chimney. 
The  mark  is  roughly  lettered  thus : 

U.    S. 

B.    M. 

Xni. — At  Martin,  Weakly  County,  Tenn.    A  small  hole  in  a  brass 

bolt  leaded  horizontally  into  a  brick  in  the  west  side  of  the  bank 

building  owned  by  J.  B.  Lovelace.    The  brick  is  in  the  tenth 

course  above  the  ground,  and  is  the  fourth  one  from  the  north - 

.    west  comer. 

XIL — At  McConnell,  Obion  County,  Tenn.    The  bottom  of  a  square 

hole  cut  in  a  limestone  block  set  in  the  northeast  corner  of  the 

yard  of  W.  B.  Smith,  agent  for  the  Illinois  Central  Railroad.     The 

block  is  6  inches  square,  projects  4  inches  above  the  ground,  and 

is  lettered  thus: 

•U.    S. 

D 

B.    M. 

XI.—At  Fulton,  Fulton  County,  Ky.  A  hole  in  a  brass  bolt  leaded 
horizontally  into  a  brick  in  the  east  wall  of  E.  C.  Beed's  livery 
stable.  The  brick  is  in  the  nineteenth  course  from  the  ground, 
and  is  the  fifteenth  one  from  tlie  northeast  corner  of  the  stable. 
The  wall  is  marked  thus : 

U.    S. 

B.    M. 

X. — At  Alexander,  Fulton  County,  Ky.  The  bottom  of  a  square 
cavity  cut  in  a  limestone  block  set  near  the  northwest' corner  of  J. 
M.  Cashon's  frame  house,  on  the  east  side  of  tiie  railroad  track| 
near  the  station.  The  block  is  6  inches  square,  projects  4  inches 
from  the  ground,  and  is  lettered  thus: 

U.    S. 

D 

B.    M. 

IX. — At  Clinton,  Hickman  County,  Ky.  The  bottom  of  a  square 
cavity  cut  in  the  stone  doorsill  at  the  south  entrance  of  the  court- 
house.   It  is  lettered  thus : 

U.    S. 

a 
B.    M. 
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VIII. — At  ArlingtoD,  Carlisle  County,  Ky.    The  bottom  of  a  square 

cavity  cut  in  a  limestone  block  set  in  the  southwest  corner  of  the 

back  yard  of  Thos.  G.  Edward's  house,  near,  the  railroad  station. 

The  block  is  6  inches  square,  projects  4  inches  firom  the  ground, 

and  is  lettered  thus: 

U.    S. 

o 
B.    M. 

VII. — ^At  Bardwell,  Carlisle  County,  Ky.  The  bottom  of  a  square 
cavity  cut  in  the  south  end  of  the  stone  doorsill  at  the  west 
entrance  to  the  court-house.    It  is  marked  thus: 

U.    S. 

D 

B.    M. 

VI. — On  the  Illinois  Central  Railroad  bridge  over  Mayfield  Creek,  which 
is  the  boundary  between  Ballard  and  Carlisle  counties,  Ky.  The 
bottom  of  a  square  cavity  cut  on  the  stone  coping  of  the  brick  pier 
on  the  north  bank  of  creek.  It  is  west  of  the  track,  just  outside 
of  the  bridge,  and  letterd  thus: 

U.    8. 

D 

B.    M. 

V. — ^At  Fort  Jefferson,  Ballard  County,  Ky.    The  bottom  of  a  square 

cavity  cut  in  a  limestone  block  set  in  the  northeast  corner  of  J.  M. 

Vance's  yard,  across  the  street  from  J.  C.  Depoyster's  store.    The 

block  is  6  inches  square,  projects  4  kiches  fixmi  the  ground,  and  is 

lettered  thus: 

U.    S. 

D 

B.    M. 

rV. — At  Wickliffe,  Ballard  County,  Ky.  The  bottom  of  a  square  cavity 
cut  in  a  limestone  block  set  near  the  northwest  corner  of  the  Elli- 
ott House,  close  to  the  brick  wall  on  the  street.  The  block  is  6 
inches  square,  projects  3  inches  from  the  ground,  and  is  lettered 

thus: 

U.    S. 

o 
B.    M. 

Tlf  . — At  East  Cairo,  Ballard  County,  Ky.  The  bottom  of  a  square 
cavity  cut  in  a  limestone  block  set  in  the  top  of  the  levee  protect- 
ing the  Mobile  and  Ohio  Railroad  yard,  just  back  of  the  yardmas- 
ter's  office.  The  block  is  6  inches  square,  projects  2  inches  from  the 
ground,  and  is  lettered  thus : 

U.  S. 
C.  D  S. 
B«     M. 
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IT.  S.  K.  3. — At  Cairo,  111.  Established  by  tlio  U.  S.  Engineers,  and 
descril>ed  by  the  Miss.  Kiver  Oomni.  as  follows:  "  Is  hole  in  copper 
bolt  set  in  southeast  end  of  Illinois  Central  liailroad  freight  depc»t, 
at  junction  of  Fourteenth  street  and  Ohio  River.  It  is  0*49  metises 
southwest  of  the  east  corner  and  is  marked  with  the  letters  U.  S. 
B.  M.  cut  in  stone  near  bolt."  When  visited  in  1888  some  of  the 
lead  had  been  picked  from  around  the  bolt,  but  the  bolt  was  still 
firm.    The  arches  of  the  building  were  cracked,  as  if  it  had  settled* 

n.  S.  E.  2. — At  Caiio,  111.  Established  by  the  U.  S.  Engineers  and 
described  by  the  Miss.  Biver  Comm.  as  follows :  <<  Is  hole  in  copper 
bolt  set  horizontally  in  east  side  of  building  containing  offices  of 
the  trustees  of  Cairo  City  public  property.  It  is  4*44  metres  fh>m 
southeast  corner,  and  1*12  metres  below  lower  surface  of  water 
table.  Marked  with  the  letters  U.  8.  B.  M.  cut  in  stone  near  bolt. 
The  building  fronts  on  Washington  avenue  and  is  between  Eight- 
eenth and  Nineteenth  streets.^  The  mark  was  found  undisturbed 
in  1888. 

U.  S.  E.  1. — At  Cairo,  111.  Established  by  the  U.  IS.  Engineers  ami 
describexl  by  the  Miss.  Biver  Comm.  as  follows:  '^Is  sniall  hole  in 
center  of  copper  bolt  set  horizontally  in  northwest  side  of  custom- 
house. It  is  7*18  metres  from  northwest  corner  and  0*37  metres 
below  the  junction  of  the  sandstone  and  limestone,  and  0*93  metres 
above  surface  of  cement  walk.  Marked  with  the  letters  U.  8.  B.  M. 
cut  in  stone  near  bolt.  The  custom-house  is  in  the  square  bounded 
by  Fourteenth  and  Fifteenth  and  Poplar  streets  and  Washington 
avenue."    It  was  found  undisturbed  in  1888. 

II. — On  one  of  the  abutments  of  the  Illinois  Central  Bailroad  bridge 
over  Cash  creek.  The  bottom  of  a  square  cavity  cut  in  the  abut- 
ment at  the  south  bank  of  the  creek,  on  the  east  side  of  the  track, 
and  marked  thus: 

U.    8. 

B.    M. 

L — At  ^lonnd  City  Junctiou,  Alexander  County,  HI.  The  bottom  of  a 
square  <*.avity  cut  in  a  limestone  block  set  in  the  yard  of  the  Illinois 
Central  Bailroad  section  house.  It  is  near  the  front  fence  just  north 
of  the  gate,  near  lone  tree.  The  st<me  is  6  inches  square,  projects 
4  inches  from  the  ground  and  is  lettered  thus: 

U.    8. 

o 
B.    M. 

Zj], — At  Villa  Bidge,  Pulaski  County,  111.  The  center  of  a  brass  bolt 
leaded  horizontally  into  a  brick  in  the  chininey  at  the  east  end  of 
the  St^)ddanl  House.  The  brick  is  in  the  twenty-second  course 
above  the  ground  and  is  the  tifth  one  from  the  south  end  of  chimney. 
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Y3. — At  Vilki  Rklge,  III.  Top  of  a  railroiul  spike  driven  in  the  root  on 
tli<^  «U8t  side  of  a  large  beech  tree  which  stands  east  of  the  railroad 
track  and  nearly  ox>posite  the  12-niile  post.    It  is  lettered  thus: 

U.  S.  B.  M. 


/  U.  S.  B.  MA 


Section  III. — Location  and  description  of  permanent  bench  marlcs  be- 
tween Villa  Rid{fe  and  Odin^  III. 

Z3. — ^At  Villa  Bidge,  Pulaski  County,  111.,  described  in  Section  II. 

Y3. — ^At  Villa  Bidge,  111.,  described  in  Section  IT. 

XII^. — South  of  the  14-mile  post  on  the  Illinois  Central  Bailroad.    The 

bottom  of  a  square  cavity  cut  near  the  center  of  south  abutment  of 

small  railroad  bridge  Ko.  8,  marked  thus: 

D 

139. — About  523  metres  south  of  the  ITmile  post  on  the  Illinois  Central 
Bailroad.  The  bottom  of  a  square  cavity  cut  in  the  capstone  of  the 
middle  pier  of  small  raihroad  bridge,  No.  12.  It  is  east  of  the  track 
and  is  marked  thus: 

m 

X3. — Near  Ullin  Station,  Pulaski  County,  111.  The  bottom  of  a  square 
cavity  cut  on  the  northeast  corner  of  the  north  abutment  of  bridge 
No.  15,  over  the  Cache  Biver.    It  is  marked  thus: 

o 
U.  S. 
B.  M. 

W3. — At  Anna,  TTnion  County,  111.  The  bottom  of  a  square  cavity  cut 
in  the  st^one  sill  of  window  on  southwest  front  of  Otrich's  drug 
store,  under  the  Otrich  House.  It  is  about  0*10"  from  west  end  of 
iron  jamb  and  0.06"*  from  south  edge  of  sill.    It  is  marked  thus : 

(D) 

V3. — About  1  mile  north  of  Makanda,  Jackson  County,  HI.,  and  50 
metres  south  of  the  50-mile  post  on  the  Illinois  Central  Bailroad. 
The  bottom  of  a  square  cavity  cut  in  the  southeast  capstone  of 
south  abutment  of  iron  bridge  No.  87,  over  Drury  Creek.  It  is 
marked  thus: 

(°) 

T3. — At  Carbondale,  Jackson  County,  111.  The  bottom  of  a  square 
cavity  cut  in  tlie  stone  sill  under  the  east  front  window  of  Jacob 
BearfFs  brick  store.  The  store  is  on  the  west  side  of  the  railroad 
tiuck  at  the  north  end  of  )>ubli<*  ])ark.    The  cavity  is  marked  thus: 
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Us. — In  Jackson  County,  III.,  about  2  miles  south  of  De  Soto.  The 
bottom  of  a  square  cavity  cut  in  the  west  end  of  the  south  abu^ 
ment  of  Illinois  Central  Railroad  bridge  over  Big  Muddy  Greek. 
It  is  about  one  metre  west  of  track  and  0*3"*  from  north  edge  of 
abutment,  and  is  marked  thus: 

(a) 

K3. — At  Duqnoin,  Perry  County,  111.  The  bottom  of  a  square  cavity 
cut  in  corner  of  the  stone  sill  at  the  main  door  of  the  Da^aoin 
bank  building,  opi>osite  the  Illinois  Central  Railroad  depot.  The 
cavity  is  marked  thus: 

(D) 

B> — ^About  2  miles  south  of  Radom  Station,  Washington  County, 
111.  The  bottom  of  a  square  cavity  cut  in  the  northeast  corner  of 
the  north  abutment  of  the  stone-arch  bridge,  over  Little  Muddy 
Creek,  on  the  Illinois  Central  Railroad.    It  is  marked  thus: 

(°) 

Q3.— Neat  Ashley,  Washington  County,  111.  The  bottom  of  a  square 
cavity  cut  in  the  capstone  of  the  southeast  wing  wall  of  small  cul- 
vert. No.  212,  on  the  Illinois  Central  Railroad,  about  175  metres 
south  of  the  99-mile  post.  The  cavity  is  about  2  metres  east  of 
the  track,  and  is  marked  thus : 

(D) 

P3. — About  1  mile  north  of  Richview  Station,  Washington  County, 
HI.  The  bottom  of  a  square  cavity  cut  in  the  southeast  corner  of 
the  capHtone  on  the  east  end  of  a  stone  culvert  on  the  Illinois  Cen- 
tral Railroad,  409  metres  south  of  the  103-mile  post.  The  cavity 
is  marked  thus: 

N3.— At  Centralia,  Marion  County,  111.  The  bottom  of  a  square  cavity 
cut  in  the  stone  sill  of  the  south  window  of  J.  J,  Pfiaff  &  Co.'s 
drufiT  store,  mai-ked  thus : 

Os.— About  2  miles  north  of  Centralia,  111.  The  bottom  of  a  square 
cavity  cut  in  the  capstone  at  the  east  end  of  the  north  abutment 
of  the  Illinois  Central  Railroad  bridge  over  Crooked  Creek.  The 
cavity  is  about  3  metres  from  the  iron  foot-plate  of  bridge,  and  is 
marked  thus: 

M3. — At  Odin,  Marion  County,  111.  The  bottom  of  a  square  cavity  cut 
in  a  rock  in  the  top  layer  of  the  foundation,  at  the  southeast  comer 
of  Craig's  brick  store.  It  is  about  1  foot  above  the  ground^  and 
is  marked  thus: 

(°) 
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V. — ^At  Odin,  111,  The  bottom  of  a  sqnare  cavity  cut  in  the  southeast 
end  of  a  long  arched  culvert  on  the  Ohio  and  Mississippi  Railroad, 
about  45  metres  east  of  the  junction  of  that  road  and  the  Illiqois 
Central  Railroad.*  This  bench  is  the  intersection  of  the  trans- 
continental line  of  levels  and  the  line  from  the  Gulf  of  Mexico.    It 

is  marked  thus: 

/-B.  M.  "V.^^\ 

*  This  bench  mark  V  was  established  by  Assistant  A.  Braid  in  1882.    See  Appendix 
No.  11,  U.  8.  C.  and  G.  Survey  Report  for  1882. 


APPENDIX  NO.  4—1892. 


ox  THE  RESULTS  OF  SPIRIT  LEVELING  OF  PRECISION  BETWEEN  COR- 
INTH, MLSS.,  AND  MEMPHIS,  TENN.,  FROM  OBSERVATIONS  MADE  IN 
1890  AND  1891  BY  ISAAC  WINSTON,  SUBA8SISTANJ,  AND  F.  A.  YOUNG, 
AID. 


A  report  by  Charles  A.  Sciiott,  Assistant  and  Chief  of  the  Computing  DiviBion. 

Submitted  for  publication  March  10,  1893. 


The  following  report  on  the  results  of  spirit  leveling  between  Cor- 
inth, Miss.,  and  Meuii)his,  Tonn.,  is  herewith  respectfully  submitted. 
Corinth  is*  a  station  in  the  line  of  levels  from  Mobile  to  Odin,  and 
Memphis  is  connected  with  the  levels  of  the  Mississippi  Eiver  from 
New  Orleans  to  St.  Louis;  the  present  line  therefore  forms  a  tie  be 
tween  these  lines. 

Route  line. — The  levels  follow  the  track  of  the  Memphis  and  Charles- 
ton Kailroad.  Distance  between  bench  mark  V  at  Corinth  and  bench 
mark  of  U.  S.  E.'at  Memphis  is  L51-3  km.,  or  94*0  statute  miles.  See 
illustration  (uiset)  to  the  preceding  api)en(lix  (No.  3  for  1892). 

ObnerverH  and  dates. — The  observers  were  Subassistant  I.  Winston 
and  Mr.  F.  A.  Young.  The  work  was  accomplished  between  Novem- 
ber 7,  189(>,  and  January  23,  1891. 

Instruments  and  methods  of  ohserving.—Hwo  index)endent  lines  were 
run,  one  forward  (westerly),  the  other  backward  (easterly).  Mr.  Win- 
ston ran  the  forward  line  from  Corinth  to  La  Grange,  Tenn.,  and  the 
backward  line  from  Memphis  to  La  Grange,  using  level  No.  5.  Mr. 
Young  ran  the  backward  line  from  La  Grange  to  Corinth,  and  the  for- 
ward line  from  La  Grange  to  Memi)his,  using  level  No.  G.  Metric  rods 
N  and  O  were  employed. 

Instrumental  constants, — These  are  as  iollows: 


Instrument. 

No.  5. 

No.  6. 

Aperture  of  telescope, 

Focal  length  of  telescope, 

Magnifying  power, 

Value  of  one  division  of  striding  level, 

2-9<-«n. 

34-8«'"'. 

28 

2^^*11  and  2^''o8 

2-9*'"». 
34-8cni. 
28 
2'^*44  and  2'^'62 

Mean  adopted, 

When  determined  (E.  G.  F.  and  I.  W., observers), 

2^^' 10 
Sept.    26,   '88, 

May  J23,    '88, 

Apr.  8,  '90 

Apr.  8,  '90 

-f-  larger,  )      o'^  48  Mar.  15, '90   -j-o^-'-oy  Mar.  15,90 

Inequality  of  collars  •{    indicates  object  end. 

o''''89  Feb.  13,  '91  —  o'^-oi  Fel>.Q,i  j,'<^\ 


{-h  larger,  \ 

indicates  object  end.       > 
—  smaller,  J 
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« 

Weighted  mean,  the  second  value  having  double 
weight,  — o^'76  -fo'^'oa 

Value  of  lOO  divisions  (i  turn)  of  micrometer 

screw,                                                                313^^-1  and  31 1''*6  3io'^*6  and  3i2''-o 

Value  adopted,                                                                  312^^*0  3i2'^*o 

When  determined  (A.  B.,  I.  W.  and  J.  H.  G.,  Sept.    19,    22,  *88,  June    24,    25,   '89. 

observers),  July     22,   23,  '89  July     22,    23,  *89 

Angular  value  of  telemeter  threads,                                18^  58^^*5  ^^  5c/^'6 

When  determined  (I.  W.,  observers),                            July  22, 1889  July  22, 1889 


Index  corrections  to  metric  rods :  N  at  beginning,  — O'jJS"".  at  12°  C.  Mar.  14, 1890 

Nat  end.  —0.35  Feb.        1891 

O  at  beginning,  — 0-63        at  13°  C.  Mar.  14, 1899 

O  at  end,  —0-40  Feb.        189c 

Temperature  when  rofl  graduations  are  of  standard  length,  21 '^y  C 


Computation  and  results. — The  field  computatiou  was  made  by  fthe 
observers;  the  office  computation  by  Subassistant  J.  Nelson,  tem^gLJo- 
rarily  attached  to  the  Computing  Division.  The  two  computations 
were  collated,  and  the  results  are  given  in  the  following  tabular  form: 
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220  U.  8.  COAST  AND  GEODETIC  SURVEY. 

The  probable  error  of  tbe  resulting  differencea  of  heights  dex)ends 
on  the  discrepancies  of  the  results  as  found  by  tbe  forward  and  back- 
ward niesisures,  and  since  tbe  bench  marks  are  al>out  evenly  distrib- 
uted over  the  wbole  line  at  distances  of  about  one  kilometre  we  make 

use  of  the  formula  rn  =  0*075  \  i-rru  which   gives  the  probable  error 
l)er  kilometpe  for  double  leveling;  for  the  terminal  x>oiut  at  the  dis- 


tance S  =  [h]  we  bave  r  ==  0*67o  y/    a    ' 


We  have  [(hJ]  =  146G,  hence  r„  =  dL  l-OS"'*"-,  also  r  =  ±  12-9"""'  Tlie 
column  showing  the  accumulation  of  error  exhibits  the  usual  more  or 
less  systematic  increase  over  the  wbole  line,  with  a  maximum  value  of 
115'""';  this  corresi)Ouds  to  an  angle  of  0"*1(>,  or  to  a  constant  error  of 
(^'•08  for  each  measure,  supposed  of  tbe  same  sign. 

lieferring  to  my  report  of  December  20,  1892  (Appendix  No.  3, 1892), 
and  to  tbe  closing  of  tbe  two  loops,  11  iind  111,  we  have  now  for  ^Ar 
Mempbis  to  Corinth  4-57*1821"'*  in  the  place  of  tlie  rougb  result 
(57*2160)  given  there,  and  tbe  closing  of  the  triangular  figure  Corinth, 
Cairo,  Memphis,  Corinth,  becomes  — 0'2424"',  and  that  of  the  larger 
southern  loop,  Biloxi,  Mobile,  Corinth,  Memphis,  Vicksburg,  New 
Orleans,  Biloxi,  — 0-2732'"-.  Tlie  development  in  length  of  the  first 
loop  is  747.3*'"'"  and  of  the  second  1832-4''"'-.  A  description  of  thfe  bench 
marks  concludes  this  rejiort. 

J>€^eription  of  bench  marks  on  line  of  levels  from  Corinth,  Miss.,  to  Mem- 
phis, Tenn.,  1S90-'*9J. 

V. — Corinth,  Alcorn  County,  Miss.  A  brass  bolt  leaded  in  the  eas 
wall  of  the  brick  store  on  the  northwest  corner  of  Waldren  anc 
streets.    This  building  is  opposite  the  court-house,  and  it 


used  as  the  city  hall.    The  bolt  is  in  the  third  course  of  bricl 
above  the  sill  of  the  windows  near  the  north  end  of  the  buildini 
and  iu  the  fourth  brick  south  of  this  window.    Two  lines  wereicu^ 
in  the  end  of  the  bolt,  forming  a  +  at  its  center,  and  the  intersec 
tion  of  these  lines  is  the  B.  M.    The  building  is  owned  by  Elc: 
Mitchell. 

W. — Corinth,  Alcorn  County,  Miss.  A  brass  bolt  leaded  in  the  west 
wall  of  the  brick  court-house.  The  bolt  is  between  the  fifth  am 
sixth  ventilators  (small  grated  window^•^)  to  the  cellar,  eountiQ( 
from  the  northwest  cornei'  of  the  building,  in  the  fifth  brick  soutl 
of  fifth  ventilator  and  in  the  fourteenth  course  below  line  of  wiudoW^^ 
sills.  Two  lines  were  cut  iu  the  end  of  the  bolt,  forming  a  cross  aC^- 
its  center,  and  the  intersection  of  these  lines  is  the  B.  M. 

L. — Chewalla,  McNairy  County,  Tenn.  A  copper  bolt  leaded  in  th^ 
side  face  of  brick  chimney  on  east  end  of  frame  house  occupied  by^ 
F.  S.  McCallar,  railroad  agent,  at  Chewalla.    The  bolt  is  in  the 
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foartccntli  course  above  the  ground  and  in  the  second  brick  from 
the  end  of  the  house,  and  in  the  side  of  the  chimney  towards  the 
front  of  the  house.  The  house  is  north  of  the  track  and  east  of  the 
public  rojid.  Two  lines  were  cut  in  the  end  of  the  bolt,  foroiing  a 
cross  ( + )  at  its  center,  and  the  intersection  of  these  lines  is  the  B.  M. 
Cypress  Creek,  railroad  bridge,  Tenn.  A  square  hole  cut  in  the 
top  of  the  stone  pier  of  the  iron  railroad  bridge  over  Cypress 
Creek.  It  is  on  the  pier  on  the  east  bank  of  the  creek  and  is  south 
of  the  track  outside  of  the  superstructure  of  the  bridge  near  the 
outer  edge  of  the  pier.  The  letters  U.  8.  B.  M.  were  roughly  cut 
near  it.  The  bottom  of  the  square  hole  is  the  B.  M. 
Pocahontas,  Tenn.  A  copper  bolt  leaded  in  the  front  face  of  the 
"Brick  Hotel.-'  The  bolt  is  in  the  twelfth  course  above  the  ground 
and  in  the  third  brick  from  the  southwest  corner  of  the  building. 
The  hotel  is  north  of  the  track  and  nearly  opposite  the  railroad 
station.  It  is  kept  by  Mr.  Seay,  the  railroad  agent.  Two  lines 
were  cut  in  the  end  of  the  bolt,  forming  a  cross  (+)  at  its  center, 
and  the  intersection  of  these  lines  is  the  B.  M. 
Middleton,  Hardeman  County,  Tenn.  A  copper  bolt  leaded  in  the 
face  of  the  west  side  wall  to  the  brick  store  just  west  of  the  hotel. 
The  building  faces  the  railroad  and  is  quite  near  it.  The  bolt  is  in 
the  fourth  course  below  the  front  door  sill  and  in  the  second  brick 
from  the  northwest  corner  of  the  building.  Two  lines  were  cut  in 
the  end  of  the  bolt,  forming  a  cross  (+)  at  its  center,  and  the  inter- 
section of  these  lines  is  the  B.  M. 

Saulsbury,  Hardeman  County,  Tenn.  A  copper  bolt  leaded  in  the 
face  of  the  west  side  wall  to  the  brick  store  owned  and  occupied 
by  R.  M.  Wright.  The  bolt  is  near  the  southwest  corner,  in  the 
twenty-first  course  above  the  ground,  and  in  the  fifth  brick  from 
the  southwest  comer.  Two  lines  were  cut  in  the  end  of  the  bolt, 
forming  a  cross,  and  the  intersection  of  these  lines  is  the  B.  M. 
•Grand  Junction,  Tenn.  A  copper  bolt  leaded  into  the  face  of  the 
front  wall  to  the  brick  store  owned  and  occupied  by  W.  R.  Robin- 
son. The  store  is  north  of  the  track  and  a  short  distance  east  of 
the  railroad  crossing.  The  bolt  is  near  the  southeast  corner  of  the 
building,  in  the  fourth  course  above  the  front  porch,  and  in  the 
second  brick  fipom  the  southeast  corner.  Two  lines  were  cut  in  the 
end  of  the  bolt,  forming  a  cross,  and  the  intersection  of  these  lines 
is  the  B.  M. 

La  Grange,  Fayette  County,  Tenn.  A  square  hole  cut  in  the  top 
of  the  stone  abutment  to  the  railroad  bridge  over  Main  street. 
The  abutment  is  on  the  east  side  of  the  street  and  is  north  of  the 
track.    The  bottom  of  the  hole  is  the  B.  M. 

-La  Grange,  Fayette  County,  Tenn.  A  square  hole  cut  in  the  top 
of  the  Btoue  abutment  to  the  railroad  bridge  over  Main  street. 
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The  abotmat  is  on  the  vest  ade  «f  the  AreeC  and  is  soiiHi  of  the 
tnrk.    Tbelmi«»o^tketofet^theB.lL 

H. — Mostuv.  Fajene  CowBtx.  Tcbb.  A  carhr  vas  cot  in  tiie  loagh 
face  of  one  of  the  9toiie«  ia  the  imadatioa  of  the  railroad  water 
tank,  and  a  ^nare  hole  made  in  the  boctooi  of  this  cavity  Ibr  the 
B.  M.  TMs  cavitT  c«  on  the  «oath  Cftee  '^iiext  to  the  traek)  of  Uie 
foundation,  and  ^r2  lieet  from  the  Awithwcst  eomcr.  The  bottom  of 
the  ^oare  hole  i«  the  B.  M. 

G. — Wolf  River  raOrnad  brid^.  A  ^oare  hole  was  mt  in  the  top  of 
the  s^tone  pier  to  the  iron  raitmad  brid^  orer  Wolf  Creek.  It  is 
on  the  pier  on  the  east  bank  of  the  creek,  on  the  inner  side  of  the 
raised  portion  on  the  north  end  of  the  pier,  and  1-5  feet  from  its 

eastern  fiwe.    It  was  roaghlj  lettered  ^'  ^^*  ^     The  bottom 

•  of  the  hole  is  the  B.  M. 

F. — ^Bossville.  Fayene  Coouty.  Tenn.  A  square  hole  about  one-fenrth 
inch  deep,  cut  in  tiie  top  of  a  ledge  in  the  stone  foundation  of  the 
railroad  water  tank.  The  hole  is  only  a  few  inehee  aboire  the 
ground,  and  is  2  feet  north  of  the  southeast  comer  of  the  fimnda- 
tion,  and  is  on  the  eikst  side  of  the  tank.  The  bottom  of  the  square 
hole  is  the  B.  M. 

E. — ColliersTille.  Shelby  County.  Tenn.  A  copper  bolt  (llTe-eigfaths- 
iuch  in  diameter)  leaded  in  the  front  of  Duloney  &  Patrick's  brick- 
storehouse,  which  faces  the  public  square  and  is  on  the  east  side,, 
a  short  distance  from  the  railroad.  The  bolt  is  in  the  eleventh- 
course  above  the  ground  and  in  the  third  brick  fttHu  the  soutiiwest: 
corner  of  the  building.  Two  lines  were  cut  in  the  end  of  the  boltp 
forming  a  cross  ( -f ),  and  the  intersection  of  these  lines  is  the  B.  M- 

D. — Bailey's  Station,  Shelby  County,  Tenn.  A  copper  bolt  (five-eightha 
inch  in  diameter)  leaded  in  the  brick  chimney  on  the  west  end  ofl 
J.  W.  Brown's  residence.  The  bolt  is  in  the  comer  brick  <m  thes 
south  or  front  face  of  the  chimney  and  in  the  twenty-second  course^ 
above  the  ground.  Two  lines  were  cut  in  the  end  of  the  bolt^  form- 
ing a  cross,  and  the  intersection  of  these  lines  is  the  B.  M. 

O. — Germantown,  Shelby  County,  Teuu.    A  square  hole,  about  one- 
fourth  inch  deep,  cut  in  the  northwest  comer  of  the  upper  surfleM^  of 
the  stone  cap  to  the  biick  pier,  under  the  northwest  comer  of  the 
platform  to  the  nulroad  station.    The  bottom  of  the  square  hole  is 
the  B.  M. 

B. — White's  Station,  Shelby  County,  Tenn.    A  square  hole  cut  in  the 

stone  foundation  to  the  railroad  water  tank.    It  is  on  the  top  of  the 

oflfset,  at  the  southwest  comer  of  the  tank,  about  18  inches  above 

the  ground^  and  is  marked  as  follows:  U.     S. 

■     ,  the  letters  being 
B.     M. 

mdely  cut  in  the  limestone.    The  bottom  of  the  square  hole  is  the 

B.M. 
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A. — ^Bontjrn,  Shelby  County,  Tenn.  This  B.  M.  is  the  upper  surface 
of  the  first  brick  offset  above  the  ground  on  the  west  side  of  the 
entrance  to  the  Methodist  church.  Three  lines  were  cut  in  the 
brick,  forming  a  square  with  the  outer  edge,  and  the  bench  mark 
is  the  upper  surface  of  the  brick  witliin  this  square.  It  is  on  the 
third  brick  from  the  west  side  of  entrance.  This  church  is  a  sub- 
stantial brick  building. 

U.  S.  P.  B.  M.  "  Memphis." — Memphis,  Tenn.    Is  the  center  of  a  hole 

in  head  of  copper  bolt  leaded  horizontally  in  face  of  subsill  of  first 

basement  window  from  southwest  corner,  on  west  side  of  new 

custom-house.    It  is  marked  U.     S. 

0     .    This  bench  was  estiiblished 
B.     M. 

in  1878  (see  Rep.  of  Miss.  River  Comm.  for  1881,  pp.  66, 66).    When 
visited  in  November,  1890,  this  bench  mark  was  found  undisturbed 
and  in  good  condition, 
crossroad  No.  1. — Ground  at  center  of  track,  at  public  road  crossing, 
3^  miles  west  of  Goriutb,  Miss. 
C5^»?088road  No.  2. — Ground  at  center  of  track  at  public  road  crossing  at 

Wenasoga. 
O^K^'ossroad  No.  3. — Ground  at  center  of  track  at  public  road  crossing  at 

Gheewalla,  Tenn. 
^^iilroad  station  No.  4. — Ground  at  center  of  track  opposite  railroad 

station  at  Pocahontas, 
^^^ilroad  station  No.  5. — Ground  at  center  of  track  opx>osite  railroad 

station  at  Middletown. 
0:«»g8road  No.  6. — Ground  at  center  of  track,  public  road  crossing  at 
64-mile  post. 

station  No.  7. — Ground  at  center  of  track  opposite  railroad 
station  at  Saulsbury,  Tenn. 
^*X)88road  No.  8. — Ground  at  center  of  track  at  public  road  crossing  2 J 

miles  west  of  Saulsbury,  Tenn. 
^^ossroad  No.  9. — Ground  at  center  of  track  at  crossing  of  Dlinois  Cen- 
tral Railroad,  Grand  Jiinction,  Tenn. 
^^ossroad  No.  10. — Ground  at  center  of  track  at  public  road  crossing 
4  miles  east  of  Moscow,  Tenn. 

station  No.  11. — Ground  at  center  of  track  opposite  old  rail- 
road warehouse  at  Hays'  Grossing. 
^^ilroad  station  No.  12. — Ground  at  center  of  track  opposite  railroad 

station  at  Rossville. 
^it>88road  No.  13. — Ground  at  center  of  track.  State  line  road  cross- 
ing, 2J  miles  east  of  Oolliersville,  Tenn. 
k        *^ailroad  crossing,  station  No.  15. — Ground  at  center  of  track  ox)posite 
I  railroad  station  at  Bailey's. 

m      ^^rossroad  No.  16. — Ground  at  center  of  track  at  public  road  crossing 
.1  at  Forest  HiU. 

\ 
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Railroad  stsitioii  No.  17. — Grouud  at  ceuter  of  track  opi>08ite  railroad 

station  at  Germaiitowii. 
Crossroad  No.  18. — Grouud  at  ceuter  of  track  at  Grier's  road  crossing. 
Grossroad  So.  19. — Grouud  at  ceuter  of  track  at  Pigeon  Boost  road 

crossing. 
^Railroad  crossing,  station  No.  14. — Ground  at  ceuter  of  track  opposite 

railroad  station  at  Colliersville,  Teuu. 


APPENDIX  No.  8—1892. 


ON  THE  TIDES  AND  CURRENTS  IN  THE  HARBOR  OF  EDGAETOWN  AND 

IN  RATA  MA  BAY,  MARTHAS  VINEYARD. 


A  report  by  Hbnrt  L.  Marixdin,  AsBiBtaal. 
Sabftiitted  for  publication  April  25,4893. 


The  following  report  on  the  tides  and  currents  in  the  haxbor  of 
Edgartown  and  Katama  Bay,  Massachusetts,  based  on  observations 
made  during  the  summer  of  lS9l,  is  offered  in  advance  of  one  to  be 
made  on  the  ^^  comparisons  of  changes  in  the  shores  and  bottom  of  the 
harbor  since  previous  surveys.^^ 

In  a  report  dated  September,  1886,  published  as  Appendix  Ko.  9, 
KeiK)rt  for  1886,  Assistant  Henry  L.  Whiting  says: 

The  tidal  currents  through  the  inlet,  through  the  narrows  of  Ootamy  Bay, 
and  through  Edgartown  Harbor,  are  now  very  strong.  I  am  unable  to  state 
the  exact  velocity,  but  it  has  had  the  power  to  increase  the  depth  of  water 
along  the  front  of  the  town  and  about  the  wharves.  The  currents  are  also 
effecting  a  change  in  the  position  and  depth  of  the  point  of  Chappaquiddick, 
opposite  the  town.  They  also  affect  the  maneuvering  of  vessels,  which  now 
do  not  like  to  anchor  above  Chappaquiddick  Point. 

The  fishermen  state  that  the  scoar  of  those  currents  is  injuring  the  clam 
and  quahaug  grounds,  which  are  of  much  local  value.  I  have  endeavored 
to  ascertain  whether  the  tidal  currents  through  the  harbor  were  stronger 
now  than  when  the  inlet  of  1856  was  open.  From  such  facts  as  I  could 
gather,  however,  they  seem  to  have  about  the  same  force.    «     *    * 

That  these  strong  currents  must  produce  changes  in  the  physical  condition 
of  the  harbor  seems  self-evident.  The  very  peculiar  tidal  phenomena  con- 
nected with  it  makes  the  study  of  the  subject  one  of  special  interest.  Com- 
paring the  time  the  present  inlet  has  been  open,  about  eight  months,  with 
the  eighteen  or  twenty  years  of  less  effective  action  since  the  former  inlet 
closed,  the  probabilities  are  that  the  harbor  channels  and  shoals  are  still  in 
a  transition  state. 

At  the  time  of  Mr.  Whiting's  examination  the  barrier  between  Ka- 

^a  Bay  and  the  ocean  had  just  been  broken  through,  creating  the 

'  ^^^^  oi>ening  in  about  twenty  years.    The  statement  about  the  strength 

of  the  currents  in  the  report  must  have  referred  to  the  then  condition 

&  Ex.  37—15  22i^ 
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as  compaiecl  to  that  with  no  outlet  througli  Kataiiia  Beaeb,  and  it  is 
to  be  regretted  tbat  no  ol)servatioD8  of  the  velocity  of  the  currents 
were  made  either  under  the  condition  of  no  opening,  as  in  1871,  or  of  one 
opening,  as  in  1886. 

If  the  circulation  through  the  harbor  and  bay  induced  strong  cur- 
rents with  one  opening,  the  case  must  be  aggravated  with  three  inlets. 

It  is  believed  that  the  conditions  which  now  obtiun  throughout  this 
locality  have  materially  changed  the  regime  of  the  tides  and  currents, 
and  that,  consequently,  the  present  knowledge  of  these  phenomena 
does  not  represent  actual  facts. 

This  change  is  attributed  to  the  existence  of  three  inlets  through  the 
south  beach  of  Katama  Bay,  which  admit  such  a  volume  of  tide  water 
from  the- ocean  as  to  influence  the  tide  throughout  the  bay  and  harbor 
,as  far  as  Vineyard  Sound. 

With  no  inlet  from  the  ocean  side,  the  tide  in  Kat>ama  Bay  is  of  the 
type  of  the  Sound  tide;  with  three  inlets,  the  ocean  tide,  of  greater 
range  and  differing  in  time,  being  freely  admitted  is  the  cause  of  the 
interferences  shown  in  the  accompanying  diagrams. 

In  order  that  one  may  follow  the  treatment  of  the  tide  and  currents 
adopted  in  this  report-,  there  have  been  introduced  much  of  the 
observed  data  in  tabular  form.  * 

Illustration  !No.  20  shows  the  locality,  with  the  location  of  the  tide 
and  current  stations. 

In  Tables  1  to  4  will  be  found  the  observations  of  the  tides  at  four 
stations  situated  along  the  path  of  the  tide  from  the  entranoe  into  the 
harbor  to  the  ocean  at  the  south  shore.  These  observations,*  covering 
somewhat  more  than  one  lunar  month,  are  here  grouped  according  to 
lunar  hours;  from  these  we  obtain  a  mean  tide  for  each  of  the  four 
stations. 

Illustration  No.  21  represents  these  mean  tides,  from  which  we  can 
derive  the  synchronous  diflferences  in  height  of  water  surface  at  any 
time  of  the  tide. 

The  times  of  maximum  slopes  and  of  restoration  of  level  are  graphic- 
ally represented  on  Illustration  No.  22.  For  greater  practical  use  the 
intervals  are  referred  to  the  time  of  high  water  at  Edgartown  light- 
house. It  will  be  observed  that  maximum  ebb  slope  occurs  13  minutes 
after  high  water;  at  this  moment  the  current  is  setting  from  the  Sound 
through  Katama  Bay  to  the  ocean  at  nearly  maximum  strength.  The 
mean  difference  in  height  between  the  ocean  and  the  Sound  is  then 
1-75  feet;  of  this  difference  55  per  cent  is  found  between  the  ocean  and 
Katama  Bay,  within  a  distance  of  one-eighth  of  a  mile.  It  is  safe  to 
assume  that  under  favorable  conditions  a  slope  100  per  cent  greater 
than  the  above  may  be  found  within  the  same  limits. 

*  Observations  were  raade  during  the  daytime  only,  as  bat  one  self-registering 
tide  gauge  was  available. 
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On  the  tides  and  currents  in  the  harbor  of  Edgartown  a/nd  in  Katama  Bay, 

Maxiinnm  flood  slope  occurs  6^  25°^  after  high  water;  the  current  is 
now  setting  in  the  opposite  direction,  but  nearly  one  hour  past  maxi- 
mum strength.  The  dilicreuce  in  height  between  ocean  and  Sound  is 
1*72  feet,  57  per  cent  of  which  is  located  in  the  eighth  of  a  mile  between 
ocean  and  bay.  The  restoration  of  level  on  a  rising  tide*  takes  place 
2**  38"*  before  high  water.  Tliis  restoration  of  level  is  not  quite  synchro- 
nous, but  the  differences  are  so  slight  as  to  practically  amount  to  a 
level  plane.  At  this  moment  the  current  slacks  and  then  turns  from 
north  to  south  throughout  the  bay. 

The  restoration  of  level  on  the  falling  tide  occurs  3**  60™  after  high 
water,  and  at  this  moment  the  current  slacks  and  the  turning  from 
south  to  north  Ibllows. 

In  Table  5  will  be  found  the  establishment  of  high  and  low  water 
with  that  of  the  turning  of  the  currents.  It  will  be  observed  that  the 
tide  of  the  southern  part  of  Katama  Bay  follows  closely  the  tide  of  the 
south  shore.  At  low  declination  of  the  moon  this  phase  extends  to  the 
Swimming  Place;  we  find  then  two  distinct  high  waters,  the  first  high 
water  having  the  greater  amplitude  and  occuring  VIII*»  XXXI V«»  after 
the  moon's  transit,  while  the  second  high  wat«r  remains  at  the  estab- 
lishment (XTP  XXIX"*)  given  in  the  table  as  the  mean  for  a  lunar 
month. 


Table  5. — Establishment  of  high  and  low  water j  with  turning  ofcurrentSj 

from  observations  in  1891. 


Locality. 

Time  after  moon's  transit 

High  water. 

Low  water. 

Current  turns. 

Maximum  strength 
(approximate). 

East  to 
west. 

West  to  cast. 

Westerly 
current. 

Easterly 
current. 

Edgartown 
light-house. 

Swimming 

Place. 
West  opening 

(inside). 
South     snore 

(ocean). 
1 

1 

h.                m. 
XII             XI 

XII       XXIX 
VIII            IX 
VII    XXXIV 

V  VI 

V  XI 
II       LV 
I     XXII 

h,         m. 
X         IV 

h.         w. 
Ill      XXI 

h,        m. 
XI  XXII 

h.     fft. 
V      X 

North  to 
south. 

South  to 
north. 

Southerly. 

North- 
erly. 

XI     XX 

IX    XLI 

h.          tn, 
III   LVIII 

III     XLI 

h,        m. 
XI    LIII 

O      OO 

A.       m. 

V  X 

V  XLI 

*  In  speaking  of  rising  and  falling  tide,  reference  is  made  to  the  tide  in  bay  and 
harbor^  and  not  to  the  tide  on  the  sonth  shore  where  the  reverse  wonld  apply. 
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TIDAL  CURRENTS. 

Observations  of  the  drift  and  set  of  the  currents  were  made  with  two 
Ritchie-Haskell  electric-current  meters  (Nos.  3  and  4)  at  the  following 
stations:  At  the  entrance  to  Edgartown  inner  harbor,  at  the  Swimming 
Place,  and  in  the  inlets  into  Katama  Bay.  The  observations  in  the 
inlets  were  not  wholly  satisfactory,  owing  to  the  great  difficulty  in  sta* 
tioning  and  holding  a  boat  for  any  length  of  time  in  such  exposed  place. 
The  observations  are,  however,  sufficient  to  indicate  the  type  of  curve 
of  velocity,  but  do  not  represent  fairly  the  maximum  strength.  These 
curves  of  velocity  are  exhibited  on  Illustration  No.  23,  in  connection 
with  the  tidal  curves  at  the  stations  where  observed. 

Nowhere  within  this  field  have  we  recorded  velocities  exceeding  5 
feet  per  second.  We  are  convinced  that  velocities  twice  as  great  may 
be  found  and  observed  within  these  openings. 

At  the  entrance  to  the  inner  harbor,  oft'  Edgartown  light-house,  the 
maximum  strength  observed  for  westerly  current  was  1"85  feet  per  sec-' 
ond  about  49  minutes  before  high  water,*  and  for  easterly  set  1-35  feet 
per  second,  5**  23"  after  high  water. 

At  the  Swimming  Place,  which  is  the  narrowest  part  of  the  arm  con- 
necting Edgartown  inner  harbor  with  Katama  Bay,  the  currents  are 
decidedly  stronger,  the  greatest  strength  was  4*2  feet  per  second  for 
the  southerly  set  18  minutes  before  high  water.  During  the  northerly 
set,  the  maximum  strength  was  found  to  be  2*75  feet  per  second  5^  23™ 
after  high  water. 

At  the  west  opening,  the  greatest  strength  was  not  fully  ascertained 
for  reasons  stated  before.  For  southerly  current,  the  maximum 
strength  will  occur  near  the  transit  of  the  moon,  or  about  13  minutes 
after  high  water  at  Edgartown  lighthouse. 

For  northerly  flow,  the  maximum  strength  will  occur  about  6^  00™ 
after  high  water  at  Edgartown  light-house. 

In  the  middle  opening,  the  period  of  strength  of  current  follows 
closely  that  approximated  for  the  western  inlet. 

At  the  eastern  opening,  which  is  on  the  threshold  of  closing  up, 
the  currents  present  anomalies  which  might  develop  in  special  features 
with  a  more  extended  series  of  observations  than  those  now  at  hand. 

The  observed  intervals  of  high  and  low  water,  and  the  turning  of 
the  currents  after  the  transit  of  the  moon,  for  four  stations,  will  be 
found  in  Tables  0  to  9.  These  tables  are  app<>nded  more  with  the  pur- 
pose of  securing  their  preservation  for  future  use,  if  needed,  than  for 
further  discussion.  • 

The  data  contained  in  them  can  be  reenforced  by  supplementary 
observations  at  any  future  time. 

*  Whenever  high  water  is  mentioned  without  specifying  the  place  it  refers  to  the 
high  water  at  Edgartown  light-house. 
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Table  l.—Tide 

SOCtH  shore,  MARTHAS 
[Observed  heights  reduced  to 


Date. 

0 

1 

I 

II 

II 

II* 

III 

nil 

IV 

IV| 

V 

Vi 

1891. 

A 

A 

A 

A 

A 

A 

//. 

A' 

A' 

A- 

A- 

A- 

Aug.  28 

.... 

-... 

29 

1-29 

VIJ 

I'lO 

I-IO 

I-I2 

123 

1-35 

152 

175 

1-96 

2-3d 

2-6o 

30 

I'OO 

090 

I  00 

I -00 

I'OI 

1*12 

1*21 

1-35 

1-55 

i-8o 

2.10 

2*40 

31 

118 

rio 

rio 

109 

rio 

i'i8 

I  36 

1-68 

i-8o 

2-10 

230 

2-60 

Sept.    I 

1-46 

I  23 

I -06 

I'OO 

1-03 

112 

1-29 

1-54 

180 

2-IO 

2-45 

2-70 

2 

1*25 

•  roi 

I'OO 

roo 

I  00 

i-io 

1-26 

1-50 

I  80 

210 

2*40 

2-62 

3 

i-i6 

roo 

0'8o 

_.  _— 

•— —- 

..  .- 

•- 

■.-•- 

— __. 

_  —  _  _ 

->-• 

_»  _• 

4 

ri2 

0-90 

080 

0-85 

0'95 

113 

1-40 

170 

2-00 

2-25 

2-45 

$2-83 

280 

5 

0*92 

071 

070 

•«^ 

•   090 

I-IO 

150 

I -80 

191 

2'20 

J2-45 

)2-4I 

(2-85 

6 

118 

rio 

I'lO 

1*12 

I '30 

1-45 

I -70 

1-97 

j2'IO 
J2'I3 

|2'30 

270 

3-IO 

7 

•  •      ««•  M 

a*  w  M  « 

~  «■  *  ^ 

^ 

^  «»  ^  ^ 

175 

202 

218 

*••■•«> 

■K  ^  ^^ 



8 

1-20 

1-20 

I  30 

I -20 

1-30 

1*50 

M  ^  ^  «■ 

•MB- 

M  «•  •*  .• 

■  .  *    »  « 

•w    ^  W     ^ 

*•  ^  ^  ^ 

9 

1-85 

170 

I -60 

I -60 

I '60 

1-56 

i'75 

2'00 

236 

260 

2-90 

300 

10 

r6o 

1-50 

1-40 

I '22 

'•37 

1-52 

1-72 

1-95 

205 

2*26 

2-55 

283 

II 

1-65 

U'20 
J  1-50 

Sr2o 

1-20 

i'3i 

I-51 

1-63 

184 

2'05 

230 

2-58 

2-82 

12 

1*10 

IIO 

I '20 

I-20 

I '30 

1-40 

i'6o 

I '70 

I '94 

236 

2*64 

2-84 

13 

1-52 

1-41 

1-48 

1-50 

1-50 

I -60 

170 

1*90 

2-20 

2-45 

275 

302 

14 

1-63 

1-44 

1-30 

I-20 

1-40 

1-60 

180 

210 

2-41 

2-63 

3-o8 

3*43 

15 

1-04 

0-90 

0-90 

0-90 

rio 

1-20 

1*50 

180 

2'26 

2-65 

310 

358 

16 







0-35 

055 

0-76 

1-09 

1*50 

I  80 

2'20 

2-82 

337 

17 

056 

0-28 

0-15 

0-03 

012 

038 

073 

1-30 

r8o 

2-27 

291 

3-58 

18 

0-20 

— 0*05 

— O'lO 

— O'lO 

o-oo 

0'36 

0-75 

126 

I  80 

2-38 

300 

3-52 

19 

*    ^    M    ^ 

_  _  „  _ 

••  W   M  •• 

o-io 

0-25 

055 

0-91 

1-45 

I  94 

246 

310 



20 

083 

0-62 

0-50 

0-50 

o-6o 

0'88 

I '20 

i-6i 

1*90 

282 

356 

4' 10 

21 

0-93 

077 

063 

0-66 

0-85 

097 

I  30 

1-88 

2-40 

2-8 1 

3*35 

3*93 

22 

1*47 

1-36 

1-25 

1-30 

I  40 

•  152 

I  80 

218 

2-68 

311 

364 

396 

23 

173 

1-53 

140 

I '42 

1-40 

1-65 

2-00 

2-20 

2*45 
2-6o 

2-78 

320    355 

24 

2-i8 

1-97 

r6o 

1-65 

1-87 

205 

225 

2-40 

2-86 

317 

3-66 

25 

M-30 
J 1-91 

|r28 

120 

1-30 

1-31 

1-44 

I  60 

i-8o 

2-10 

2*37 

2-65 

2-95 

26 
Sums. 

1*40 

1-40 

1-40 

1-40 

1-40 

I  50 

r6o 

i-8i 

205 

55-63 

2-33 
6245 

2-57 

2>86 

34-66 

3023 

27-07 

2657 

29*04 

35>3 

4002 

4792 

75-13 

8 1 -50 

Means. 

128 

1*12 

1-04 

098 

I  07 

1*25 

148 

1-77 

206 

2-39 

2-78 

313 
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gauge  No.  1. 

VINEYARD,  MASS. 
Staff  of  Tide  Gaage  No.  4.] 


■ 

VI 

VIJ 

VII 

VII| 

VIII 

villi 

IX 

IX| 

X 

x» 

XI 

XII 

A 

A 

A 

A 

A 

A 

A 

A 

A- 

A- 

^•0 

A' 

•  ••B 

•  •_.. 

350 

360 

350 

3*50 

330 

310 

2-95 

280 

•__— 

_. .- 

283 

303 

3-18 

328 

330 

322 

2*95 

2-70 

r9S 

176 

1-58 

1*46 

270 

303 

3*15 

3*  20 

340 

345 

-  —  — 

2-15 

2-0O 

1*65 

I-4I 

1-30 

301 

332 

3*41 

362 

370 

3-05 

2*86 

2-55 

2*25 

I  98 

1-75 

1*40 

305 

3-33 

3*45 

/3-40 
\3-6o 

}3*40 

3-30 

300 

2*88 

2*57 

2*26 

1-88 

1-66 

312 

332 

3*27 

3*45 

3-50 

3*35 

305 

278, 

2*40 

2*00 

1-70 

1-47 

2-90 

320 

350 

350 

340 

330 

3-00 

2*6o 

2*30 

1*90 

1*70 

138 

}3-23 

340 

3*52 

360 

3-55 

330 

293 

250 

2*20 

1*90 

r62 

1-36 

3.20 

3'42 

350 

3*50 

340 

3-10 

275 

2*40 

2'IO 

173 

1*50 

i-i8' 

1 

3-35 

348 

360 

360 

340 

3-20 

2-8i 

2*40 

2- 10 

1*90 

1*60 

1*48 

300 

3-26 

3-40 

3-40 

326 

2*92 

2*66 

2-31 

1-95 

7-82 

1-65 

I -32! 

3*21 

351 

360 

370 

356 

3*22 

2*95 

2*63 

2*42 

2'22 

2*02 

1*90, 

3-05 

318 

320 

314 

2-95 

275 

2-55 

2-35 

2*12 

2-00 

1*90 

1-70; 

3-o8 

3.20 

320 

315 

305 

2*87 

2-68 

2-47 

2*27 

2-12 

1-93 

1-82 

3-03 

310 

315 

3*i8 

306 

2*93 

2*8o 

2-65 

2-53 

2-37 

2*19 

1-95 

314 

3*34 

342 

350 

350 

335 

3*io 

2-93 

2.77 

2*50 

1-72 

1-63 

367 

373 

392 

400 

3.90 

370 

3-45 

320 

2-35 

2' 10 

1*92 

1-78 

3*97 

413 

4-23 

4-23 

403 

380 

2-70 

2-45 

2*12 

i-8i 

158 

1-29' 

375 

4-02 

411 

4-iS 

3'59 

325 

2-91 

2'6o 





---- 

! 

3*90 

4-40 

f4o8 
14-40 

}3-95 

372 

3-38 

2*96 

2-58 

2-17 

176 

1-^7 

085 

/3-95 
1400 

}4-2S 

450 

4-20 

4*oo 

3-48 

302 

2-34 

1*93 

1*50 

095 

o*55 

4-56 

478 

4-87 

470 

4-35 

3-85 

3-30 

2-85 

2*50 

2- 10 

170 

1-20 

424 

452 

456 

4-37 

,4- 10 

3-68 

324 

2*76 

2*35 

2-05 

1*72 

1-22, 

427 

450 

4-50 

4-40 

4-15 

3-66 

3-35 

3*03 

275 

2*40 

1*96 

1-62' 

1 

390 

4' 10 

4-10 

400 

390 

3-40 

310 

2*90 

2-67 

2-50 

2*40 

1-97 

392 

4-13 

4'20 

4*12 

3'9-2 

3*66 

3*43 

3-10 

2*90 

2*8o 

2-60 

238 

316 

3-26 

3-30 

3*30 

3-i8 

2*97 

273 

2*65 

2*51 

2*40 

2-30 

2-02 

3-'3 

322 

327 

3*24 

325 

317 

300 

2-85 

275 

2*65 



I-5I 

9632 

9819 

108*09 

10711 

1 00*02 

92-81 

80*58 

7471 

63-91 

56-98 

44-55 

3940 

3-44 

364 

372 

369 

357 

331 

298 

2-67 

237 

2-1 1 

1*78 

I'Si 

232 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


Table  2.— Tide 


WEST  OPENING  INTO 
[ObMnred  hei|r|iti  reduced 


Date. 

0 

t 

I 

I| 

XI 

Hi 

III 

IIH 

IV 

IVi 

V 

VI 

1891. 

A 

//. 

A 

A 

A 

A 

A 

A- 

A' 

A 

A 

A- 

Aug.  24 

2-31 

2-21 

2-08 

1*90 

•«••• 

.... 

..... 

.... 

> .. — - 

...  . 

25 

2*46 

2-36 

2-15 

..». 

•— ••• 

•  •»  •• 

.... 

1-68 

1-76 

1*90 

2-o6 

2-30 

26 

2-51 

»••••• 

1*67 

1-56 

1-50 

1-47 

1-43 

1-48 

1*64 

178 

1-98 

2*18 

27 

176 

1-82 

I -80 

1-70 

1-65 

r62 

1-60 

1.62 

171 

I -80 

1*93 

2-12 

28 

2*12 

2.12 

2-09 

2*02 

1.97 

1-92 

1.90 

1-90 

2-00 

2-04 

213 

2-30 

29 

198 

1-95 

1*92 

1*82 

1-75 

1-67 

i'6i 

163 

1.68 

1-80 

1-90 

2-02 

30 

171 

1.72 

1-82 

1.85 

I  80 

1-75 

1-71 

171 

1.78 

1-87 

2*00 

2-08 

31 

1-95 

2*00 

2-00 

1-92 

185 

1-90 

1-90 

1-97 

2-00 

2-10 

2*l6 

2-35 

Sqit    I 

2'IO 

2*11 

2-o8 

2*00 

1.90 

185 

1-83 

183 

1-90 

2-05 

2*20 

2-32 

2 

1.88 

1*90 

1*90 

1-88 

i-8o 

177 

I  80 

1-85 

1*90 

2-05 

2*10 

2*27 

3 

1-82 

1.85 

I -80 

1-72 

1-62 

1.60 

1-68 

i-8o 

1-92 

2-05 

2*15 

2-27 

4 

1*92 

1-93 

1-91 

1-86 

177 

173 

178 

1-90 

1-96 

2.06 

2-IO 

2-21 

5 

2-00 

2'00 

1*92 

i-8o 

1-67 

1-62 

1-74 

1-85 

1-98 

2-05 

2-08 

2-20 

6 

2*21 

2*27 

2-17 

2*10 

2'07 

2-03 

2*04 

2*  10 

(205 
J  208 

I2.05 

2*l6 

2-30 

7 

••  ^^^ 

m    m   ^  ^ 



■•  ^  ^  w 

«^^* 

w  M  ^  ■» 

«*«•«•  ^ 

2-20 

2-36 

2-50 

2*6o 

^  ^  »  > 

8 

2*17 

2*15 

2-14 

2*02 

1.92 

1-86 

175 

1-80 

1-95 

2-15 

2-30 

230 

9 

2*54 

2-50 

2*40 

2-30 

..._  — 

1-95 

2-00 

2-07 

2-IO 

2-20 

2-25 

2-25 

10 

2-36 

2-35 

2-23 

1-85 

1-82 

1-85 

1-85 

1-84 

1-85 

1-88 

1-98 

2-08 

II 

2-45 

1-82 

i-8o 

r8o 

178 

1-77 

175 

175 

r8o 

1-87 

1-93 

2-10 

12 

175 

175 

173 

173 

1-68 

1-68 

1.66 

1-68 

175 

1-88 

2*00 

2.17 

13 

2*OI 

2*02 

2-03 

1-96 

1-86 

1-84 

177 

175 

1-86 

1-98 

2'IO 

2-21 

14 

2*41 

2-38 

228 

2-12 

2-05 

1-98 

1-97 

2-05 

218 

2-27 

2-40 

2-52 

»5 

2-17 

2*14 

2-03 

i-8o 

1-72 

1-65 

1*65 

1.70 

1-87 

2*00 

2.20 

2*46 

16 

2-15 

2-09 

1-95 

1-72 

1.55 

1-43 

1-47 

1-57 

178 

1-96 

2-l8 

2-41 

11 

2-2^ 
2-08 

2'I5 

1-94 

1-70 

1.50 

127 

1-25 

132 

1-66 

185 

2-i8 

2-52 

2-00 

1-83 

1-55 

1-30 

i-io 

1*10 

1-35 

r6o 

1-90 

2-20 

2*40 

19 

2*46 

2-33 

2-10 

1-85 

I -60 

1-40 

1-25 

1-40 

1*65 

1.90 

..... 

2-40 

20 

275 

2'6o 

2-37 

2-10 

183 

I -60 

1-35 

1-42 

■>  *  •  * 

2.10 

2*40 

»  •  — M 

21 

278 

2*6o 

2-40 

2-19 

1-92 

1-65 

..... 

1-77 

1*91 

.... 

..».. 

M  *  «>  w 

22 

2-95 

280 

2-62 

2-42 

- — — - 

»  •  »  • 

2.02 

*  »  ^  » 

•  *  M  • 

2-31 

2*47 

2-78 

23 

303 

2*90 

277 

. — — - 

1-98 

-  •  •  • 

.-._ 

•  •  —  . 

2-15 

2*21 

2-35 

2-50 

24 

3-08 

305 

2-51 

2-45 

.— — - 

•  *  ••  w 

230 

2-32 

2*37 

2-40 

2.50 

268 

25 

1-98 

1-93 

1-85 

1-80 

1-76 

175 

174 

1-70 

178 

1-90 

2-00 

215 

26 









205 

2-OI 

1-94 

1-88 

1-91 

2-01 

2.08 

2-22 

Sums. 

72-08 

.67-80 

66*29 

57*49 

4967 

4772 

4984 

5489 

6089 

64-87 

6707 

69-07 

Means. 

2*25 

2-19 

2-07 

1*92 

177 

1-69 

1-72 

177 

190 

2-02 

2-i6 

2-30 
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Oauge  No.  2. 

KATAMA  BAY. 

to  Stiff  of  Gttiice  No.  4.] 


VI 

VII 

vir 

V1I| 

VIII 

Villi 

t5c 

IX| 

z 

XI 

XI 

XII 

ft' 

ft' 

ft- 

ft' 

ft- 

ft- 

■A 

A 

ft- 

ft- 

ft- 

ft- 

«  M   ^ 

M  ^«W  W 

«.  w^  «• 

*  ^  ^  * 

w^  ^  w 

-  .  .• 

•>•• 

•  ••• 

i-  • — » 

2-32 

2-34 

2-50 

2-65 

280 

2*92 

2-91 

2.81 

2-67 

2*45 

2-31 

232 

2-45 

248 

2-30 

2-52 

2-68 

280 

2-83 

272 

2.60 

2*46 

2*40 

2-45 

2-52 

-2-55 

2-22 

2-45 

2-65 

278 

2-85 

280 

273 

2*62 

2*60 

2-65 

2-68 

2-46 

2'6o 

2-8o 

300 

302 

3-05 

300 

2*94 

2.92 

293 

196 

VoS 

"     2-18 

230 

2-40 

258 

2-69 

2.70 

2-68 

260 

1-98 

1*93 

1.90 

1-92 

2-30 

2-50 

2.50 

-  _  _— 

.... 

-  -.. 

».  «• 

1*92 

1*90 

170 

1-66 

170 

2*47 

2'6o 

278 

2-98 

— »  w  « 

*    *    «    M 

M  •>  ^  » 

«.«••.« 

_  — ••• 

»  »  »  * 

— •_» 

200 

2-44 

2*60 

280 







^  ^  ^  * 

^  ^  ««•« 

228 

2-17 

2.07 

2*IO 

2-35 

2*60 

^  ^  ^  ~ 



M  ^  ^  ■> 

*  «»  • 

•  ••••* 

w    ^  ^  • 

2-16 

1.97 

1-86 

187 

2-30 

2*40 

2-55 

273 

287 

2-66 

2-55 

2-30 

2'IO 

1-88 

177 

178 

a-35 

2*50 

2-68 

2-8o 

2.85 

2.80 

2-6o 

2-35 

2.14 

1-98 

1*91 

1*88 

2«35 

2-50 

2-68 

280 

287 

272 

2-55 

232 

2*12 

2'00 

1-98 

1-93 

2-48 

2-6o 

2-8o 

2*90 

2-88 

2-8o 

2-66 

2-50 

2-25 

2-12 

2-13 

223 

a-33 

2*50 

2-65 

271 

275 

270 

2'55 

2-33 

2*15 

2- 10 

2-i8 

V-i8 

2.40 

2*50 

275 

304 

3-06 

3-04 

2-95 

270 

2*62 

2-60 

2-59 

2-56 

2*20 

2-32 

2-48 

252 

2-55 

250 

2-44 

2-35 

2-25 

228 

2-37 

2*37 

2-26 

2*40 

2-55 

267 

270 

2-65 

2-53 

2*40 

2-35 

2*42 

2-48 

2-47 

.2-30 

2*42 

2-56 

267 

;2-68 

2-65 

2-64 

2-6o 

2-55 

270 

278 

- — _ . 

2-35 

2*50 

270 

282 

2-92 

293 

2-88 

283 

2-85 

-•  __ 

1-97 

2'00 

275 

294 

317 

332 

335 

3*35 

y:^z 

—  _.  - 

2.30 

232 

2-35 

238 

273 

300 

3-25 

338 

3-48 

--.. 

2-40 

2-28 

2-20 

2-12 

2*12 

2*17 

2-65 

2-93 

3-i8 

_-  -• 

300 

2-90 

2-68 

2*50 

2-30 

2'25 

2*23 

2-23 

273 

-  _  _  • 

307 

312 

310 

2*94 

275 

2.50 

2-25 

217 

2.17 

2*22 

2-67 

2.90 

-  ••— 

—  »  a  — 

~ — — > 

300 

2-66 

2-31 

2'06 

198 

1-95 

2*00 

•>•  » . 

•  •  »• 

— >>.- 

352 

3-48 

330 

2*92 

256 

2-43 

2-45 

2*50 

2*52 

■>«—• 

•■  ^  ^  •• 

M  ^^  « 

371 

3-68 

3-50 

3-10 

2-85 

275 

272 

278 

2-88 

2-91 

3-20 

3-41 

3*47 

346 

338 

310 

280 

271 

278 

2-82 

2-8i 

308 

328 

3-5" 

3-67 

361 

345 

330 

3'>4 

308 

306 

305 

300 

270 

298 

320 

330 

330 

320 

301 

302 

301 

3-05 

313 

311 

2-65 

310 

3*33 

3-41 

3-46 

3*35 

326 

3-10 

310 

3-17 

315 

yn 

230 

2*41 

256 

270 

271 

275 

274 

2-67 

2-65 

270 

276 

280 

235 

2-50 

270 

2-8o 

2-87 

2-90 

2-88 

290 

2-90 





— 

7406 

7670 

7919 

8II2 

8i-93 

7955 

7816 

7230 

75-67 

68.97 

7259 

6969 

2-46 

2-64 

283 

300 

303 

294 

279 

258 

244 

2-37 

234 

2-32 

234 


U.   8.   COAST   AND   GEODETIC   SURVEY. 


SWIMMINGPLACE 

Table  3.— Tide 


[Observed  helghto  rednoed 


Date. 

0 

1 

I 

I* 

II 

III 

III 

Illi 

IV 

IV* 

V 

VI 

1891. 

^•0 

^•oc 

A 

A 

A 

A 

A 

A- 

A 

A- 

A- 

A 

Aug.  24 

2-98 

2-88 

270 

2*54 

25 

3.02 

2-91 

275 

232 

2-12 

1-96 

175 

"'"53 

I'll 

1-17 

ri8 

1*39 

26 

3'o8 

•  •  _• 

2*27 

2-i6 

2-06 

1-88 

1-70 

1*50 

136 

I-I5 

i-io 

1*21 

27 

2-47 

2-45 

2-35 

2*26 

2-i8 

2'IO 

1*92 

1 70 

1-57 

1-36 

1-30 

1-45 

28 

2-68 

2*64 

2-6i 

2-50 

2-40 

2-31 

2-18 

200 

1-95 

|-8o 

i'7i 

174 

29 

248 

249 

2-49 

2*42 

2-25 

212 

1-97 

I '82 

I  74 

1-60 

I  50 

1-50 

30 

2-30 

2-35 

2-37 

2-35 

2-30! 

2-22 

2-l6 

2- 10 

1-95 

1-83 

1-77 

1-70 

^        31 

2-50 

250 

2-49 

2*45 

2-36 

2-35 

230 

2-20 

2-10 

208 

204 

197 

Sept.    I 

2-63 

2-67 

2-53 

2-50 

2-43 

230 

2-22 

2-IO 

1-92 

1-90 

I  90 

1-90 

2 

2*42 

2*48 

2-48 

2-50 

2-38 

2-27 

2-20 

2-IO 

197 

1-86 

175 

170 

3 

238 

2-45 

2*42 

2-33 

2-20 

2- 10 

2-00 

1-95 

192 

2-00 

1-93 

1-80 

4 

248 

2-53 

2-51 

2*40 

2-25 

2*20 

2-1 1 

2-00 

1*92 

175 

1-66 

151 

5 

2-51 

2-68 

2-50 

2-36 

2-20 

2*10 

2-OI 

1-92 

1-90 

i-8o 

158 

1-57 

6 

270 

275 

271 

2'6o 

2-48 

2-44 

2-35 

2-«2 

52-00 

)208 

}i77 

1-70 

1-72 

7 

3-28 

325 

3-«7 

3-05 

2-85 

2-65 

238 

2-25 

224 

2-10 

2-07 

208 

8 

270 

2-63 

2-55 

2-48 

2-36 

2-20 

183 

1-88 

1-92 

1-91 

1-87 

I  90 

9 

298 

2*92 

2-82 

273 

•  •  •• 

2-30 

2-20 

205 

2-00 

1-90 

1-90 

1-90 

10 

2*84 

277 

2-68 

2*42 

2-23 

2-15 

200 

1-91 

178 

1-62 

1-53 

1-57 

II 

2*90 

230 

230 

2-25 

2-18 

207 

1-92 

1-78 

1-64 

1-47 

1-45 

1-60 

12 

2-28 

2-26 

2-22 

2*17 

2-12 

203 

1-91 

1-75 

167 

1*54 

1-53 

1-68 

13 

256 

2-55 

2*50 

2-45 

2-31 

2-i6 

200 

180 

1-72 

1-55 

1-57 

1-75 

14 

285 

284 

273 

2'6o 

246 

2-31 

2-17 

2-10 

2-03 

1-96 

1-96 

2-08 

15 

270 

265 

2-6o 

2-35 

2-22 

2-06 

187 

1-72 

1-63 

1-55 

1-51 

172 
I -60 

16 

277 

7-68 

2*50 

2-35 

218 

1-97 

175 

1-57 

1-48 

1-35 

1-35 

17 

2-83 

276 

2-6o 

2*40 

2-15 

I -91 

1-58 

130 

I-I2 

roo 

1-06 

1-40 

18 

272 

267 

2-48 

230 

2-05 

1-78 

'•45 

IIO 

084 

0-70 

0-80 

i'i6 

19 

306 

2*92 

272 

250 

2-23 

1-90 

1-50 

I  20 

fOO 

0-88 

. — — - 

135 

20 

3"33 

320 

300 

272 

2-48 

2-10 

170 

1-33 

108 

1-20 

1-30 

1-65 

21- 

3*34 

320 

2-98 

283 

2*56 

2-i8 

180 

1*53 

1-35 
I -80 

1-25 

1-32 

1-67 

22 

347 

3'33 

315 

2-96 

275 

* 

2-IO 

1-96 

1-71 

182 

2*10 

23 

3-53 

342 

3*30 

- — — - 

2-40 

2-25 

2-IO 

198 

183 

1-70 

1-70 

1-90 

24 

3*53 

3-40 

301 

2-90 

278 

2-68 

2-55 

2- 40 

220 

207 

2-02 

2-16 

25 

2-47 

2-46 

2-37 

230 

2-l8 

203 

190 

1-72 

I  52 

1-40 

1-38 

1-52 

26 

262 

2-66 

2*64 

2-55 

2-50 

2-40 

2-25 

205 

1-88 

1-82 

1-76 

I  82 

Sums. 

9539 

90-65 

8950 

82-00 

74-60 

6948 

65-83 

60-52 

5846 

5275 

51-02 

5577 

Means. 

280 

2-74 

263 

2-48 

2*33 

2-17 

2-00 

1-83 

172 

f6o 

1-59 

1-69 
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EDGARTOWN  HARBOR. 


Gauge  No.  3. 

toSUffof  T.O.lfo.4.] 


VI 

VI* 

VII 

VIII 

VIII 

Villi 

IX 

IX| 

X 

XI 

XI 

XII 

A 

A 

A 

A 

A 

A 

A 

A 

A' 

A' 

A- 

A' 

M  — — 

^  M  w  * 

M    W   W    • 

••••  - 

^^  ^^ 

••••• 

2*94 

3-00 

1-75 

2*12 

2-49 

270 

2-8o 

V-83 

2-8o 

2'68 

270 

2-83 

298 

3*02 

1-54 

2'06 

2*40 

2*62 

273 

276 

277 

270 

272 

2-87 

3-00 

306 

1-67 

2-00 

2*40 

2-6o 

272 

2-86 

2-85 

283 

2*92 

303 

314 

_  _ — - 

1-93 

2-24 

2-57 

278 

2-92 

3-05 

314 

320 

325 

330 

2-42 

2-54 

I -60 

183 

2- 10 

2-40 

252 

2-6 1 

270 

2-80 

2*12 

2-18 

227 

2-37 

I -80 

2-IO 

2-35 

2-6o 

287 

3-12 

*««••> 

V95 

1*92 

1-92 

2-02 

2' 20 

2*02 

2-15 

2-50 

280 

a  _ .. 

245 

248 

2-47 

2*45 

2-38 

238 

2-47 

2-00 

2' 20 

2*49 

232 

2-48 

2-55 

2-62 

2-6o 

248 

2*42 

2*46 

2-52 

1-85 

2' 10 

1*93 

2-22 

2-40 

2-50 

2-51 

2-50 

240 

2*26 

2-27 

2-32 

1-47 

170 

200 

230 

2-50 

2-53 

2-50 

2*42 

230 

2-21 

2-22 

2-26 

i-6o 

I  90 

2*  20 

2-43 

262 

2-68 

2-66 

2-55 

2-40 

230 

2-35 

2*42 

170 

1-90 

2*21 

2*51 

2-65 

2-68 

2'6l 

2-52 

2-45 

2-35 

2-35 

2-47 

1-85 

210 

2*42 

2-62 

2-72 

275 

273 

263 

2*50 

2-50 

2.58 

2-61 

2-25 

2-53 

283 

302 

313 

305 

293 

302 

305 

3*20 

3'25 

325 

2*02 

2-2 1 

2-40 

2-55 

2- 70 

280 

2-68 

2-50 

2-46 

2-56 

263 

2-70 

2-08 

230 

2*55 

282 

298 

3-02 

300 

293 

2*90 

2-92 

2-93 

2-94 

172 

2-00 

225 

2-42 

253 

258 

2-58 

2*55 

2-55 

2-66 

275 

285 

185 

213 

2*40 

2-56 

2-68 

2-70 

278 

270 

270 

280 

2-87 

2*90 

1-90 

2-20 

2-40 

258 

2-68 

275 

280 

2-84 

2-96 

310 

320 

.... 

1-90 

2-24 

2-53 

270 

280 

2*93 

302 

3-IO 

318 

•«-• 

231 

2-47 

2-35 

267 

30a 

320 

332 

3-40 

'   3-48 

.-.- 

2-6o 

2*6o 

270 

280 

213 

2'6o 

2-95 

3'20 

340 

a  —  —  - 

2-48 

2-47 

2-42 

2-43 

254 

262 

2-IC^ 

2*37 

282 

WW* 

2-8i 

2-85 

282 

2-75 

265 

2*65 

272 

278 

2-05 

2-48 

2*56 

2-8o 

293 

2-92 

281 

2-72 

2-66 

2*63 

272 

2-8i 

I -60 

2- 10 

2-66 

2-90 

2-93 

300 

287 

2-65 

2-48 

248 

2-57 

270 

183 

2-35 

2-88 

3-25 

3*35 

335 

315 

3*oo 

2-88 

2-90 

303 

310 

218 

275 

330 

352 

360 

353 

340 

3-23 

316 

3-20 

330 

3-38 

2-IO 

265 

305 

330 

3-38 

3*35 

324 

320 

3-15 

325 

337 

340 

2-45 

285 

330 

350 

f     361 

360 

355 

348 

348 

350 

3-55 

3*55 

228 

2-66 

293 

318 

330 

3-30 

3-30 

329 

3-40 

3-51 

356 

360 

2-40 

\    277 

313 

335 

346 

348 

348 

348 

3*47 

3*47 

354 

3'54 

180 

2-IO 

2-35 

252 

2-62 

270 

275 

2-80 

290 

3-06 

S'7 

3-33 

2-02 

1    230 

251 

270 

282 

2-93 

300 

312 

3*21 

3'33 

2*50 

6379 

74-66 

8486 

88-97 

92-96 

93-61 

92-41 

8968 

9086 

88-80 

92-09 

9048 

1*93 

2-26 

2-57 

278 

2*90 

2-93 

289 

280 

•  284 

.277 

279 

274 
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U.   8.   COAST  AND   GEODETIC   SUfcVEY. 


Table  ^—Tide 


EDGARTOWN 


[Obaenred  heights  for  each  lunar 


Date. 

0 

i 

I 

I* 

II 

11* 

III 
A- 

in* 
A 

IV 

A' 

IV* 

V 

V* 

1891. 

A 

A 

A 

^^'. 

A' 

A 

A- 

A' 

A 

Aug.  24 
25 

325 
332 

3' 10 
317 

2-85 

2*64 

285 

2-36 

2-IO 

V-88 

i-6o 

130 

108 

092 

0*92 

V-is 

26 

3-38 

_  —  _ . 

2-35 

2-20 

215 

182 

r6o 

I  36 

115 

095 

0-90 

1-09 

27 

2-66 

256 

2-43 

231 

2-20 

203 

182 

158 

I  32 

I*i6 

I-IO 

1*18 

28 

2-^5 

278 

270 

2-56 

2-45 

2*33 

212 

1*90 

172 

1-54 

1*46 

1-54 

29 

2-63 

263 

2*54 

2*42 

2-28 

2*IO 

1*92 

175 

152 

138 

130 

1-32 

30 

2-38 

2-50 

2-5  i 

240 

2-37 

2-30 

208 

1-95 

178 

152 

1-42 

1-44 

31 

2-67 

2-62 

252 

2-49 

2-43 

2-38 

2*25 

2-14 

2'00 

173 

I  80 

170 

Sept.    I 

280 

280 

2-67 

2*62 

2-45 

2-30 

218 

200 

I -80 

1-68 

1-65 

I -60 

2 

2'6l 

265 

265 

2*50 

2*42 

2-35 

2- 20 

200 

I  80 

1-60 

»'43 

1*42 

3 

2*6o 

2*62 

2*6o 

2*40 

2'26 

2'20 

2-05 

195 

175 

165 

1-56 

1-53 

4 

273 

271 

2*62 

2-47 

2-32 

2*21 

2-09 

1*90 
I -80 

170 

1-55 

1-44 

I  28 

5 

275 

275 

2-56 

2-36 

2'20 

2*  10 

1*92 

172 

I '60 

1*33 

I3« 

6 

306 

305 

2-92 

270 

2-56 

2'5d 

230 

2*IO 

U-8o 
h-87 

|i-52 

1-45 

1*50 

7 

342 

3'40 

3-35 

315 

285 

263 

2-36 

2-10 

1-97 

185 

178 

1-86 

8 

285 

275 

2-65 

2*50 

2*41 

2- 10 

1-93 

180 

178 

170 

1-62 

1-66 

9 

3»3 

305 

2*90 

2-8o 

..-_ 

2*22 

2- 10 

1-87 

I -80 

170 

170 

175 

10 

300 

2*90 

276 

232 

223 

2*ia 

1-92 

1-74 

1-55 

1-40 

«'35 

I '40 

II 

3"05 

2-37 

2-38 

2-28 

218 

2-05 

1-83 

1-62 

141 

1-27 

r28 

1-45 

12 

238 

2*34 

230 

2-25 

2*17 

2*01 

185 

1-68 

I  "50 

1*33 

1-36 

1*53 

13 

270 

2-68 

2-57 

2-48 

.2*35 

216 

1-90 

170 

'•53 

1-35 

132 

i-6i 

H 

3-05 

300 

283 

2-67 

2*48 

2-31 

2'IO 

1*96 

1-85 

175 

178 

1-85 

15 

2*86 

278 

2*62 

2*41 

2-27 

2*00 

I  80 

I -60 

I  41 

1-32 

1-37 

1-50 

16 

2-92 

281 

2-52 

218 

2*05 

I  80 

1-65 

1-40 

I '20 

i-o6 

I-IO 

1-33 
1-28 

17 

3-08 

287 

2-6o 

2*35 

2*12 

r8o 

1*40 

I-I2 

090 

081 

0-88 

18 

3.20 

281 

2*57 

2*28 

2'00 

170 

I  30 

0-90 

o-6i 

0-52 

"  0*64 

i-oo 

»9 

3-35 

304 

2-8o 

2-52 

2-17 

I  80 

130 

roi 

0-75 

0-62 

••.-  • 

I-IO 

20 

3-68 

337 

3*07 

274 

2-37 

2-00 

1-53 

I-IO 

076 

0-85 

i-oo 

1*40 

21 

3-66 

340 

31 1 

2-83 

2-47 

208 

1-66 

1-35 

1*05 

0-95 

103 

1-41 

22 

3-83 

360 

3'35 

315 

275 

•  •  — > 

196 

170 

151 

141 

1-50 

»77 

23 

3*90 

370 

3-43 

•  »  _  > 

2*40 

2*20 

1*90 

175 

1-55 

1-40 

1-40 

1-58 

24 

3-85 

3-66 

318 

302 

2-88 

2-68 

2-45 

2-17 

1-90 

172 

171 

1-93 

25 

2-65 

2-55 

2-43 

2-33 

2-l8 

1-97 

174 

151 

1-30 

118 

I -20 

1*40 

26 

2-88 

283 

275 

2-67 

2-56 

2*40 

218 

1*91 

173 

1-57 

1-54 

1*68 

Sums. 

J03I3 

95-85 

9299 

83-36 

75-08 

6851 

62*99 

55-72 

5107 

44.56 

4332 

4858 

Means. 

3-03 

2*90 

273 

2-52 

2.34 

214 

191 

1-69 

I  50 

1-35 

1*35 

1-47 

f  ' 
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Oauge  No,  4. 


LIGHT-HOUSE. 


half  honr  reduced  to  sUif] 


VI 

VH 

VII 

VIIJ 

VIII 

VIII4 

IX 

ix» 

X 

XI 

XI 

XI4 

A 

fi- 

A 

^''  0 

^'•. 

A 

^'' . 

^'0 

fi- 

fi- 

fi- 

fi- 

^ .«— 

258 

2-67 

277 

278 

285 

2*92 

3-09 

330 

3*33 

"i"s3 

1*90 

2'20 

242 

260 

270 

2-68 

2-70 

2-84 

3-10 

3*34 

336 

1*42 

1-87 

2'22 

2-38 

2-53 

2-62 

2-72 

2-78 

2-90 

3-00 

322 

3*41 

1-45 

r8i 

218 

2*42 

252 

270 

278 

2-84 

305 

320 

3*45 

.--• 

i-8o 

208 

2-40 

2-56 

274 

2-86 

300 

3-10 

330 

3*47 

2-55 

278 

1*42 

1-67 

1-94 

218 

2-35 

2-43 

2-58 

280 

2-10 

2-20 

238 

2-51 

1-5 1 

178 

213 

2-40 

267 

2-92 

••>— • 

r8o 

1-90 

2-o8 

2-17 

2-35 

172 

1-92 

2*33 

2-6o 

• —  —  — 

2*14 

2-22 

230 

240 

2*40 

2*42 

256 

173 

2-00 

230 

2*05 

2'20 

2-30 

236 

2*45 

2-42 

2*42 

2-57 

2*68 

1*60 

-     1-90 

170 

2-00 

2-15 

2-27 

2*35 

2-37 

2-40 

2-32 

2-35 

2-50 

1*25 

1-50 

180 

2-IO 

2'20 

2-31 

2-38 

232 

230 

2-25 

2-38 

2-45 

1-36 

170 

2-00 

2-25 

2-37 

2-48 

2-46 

2-42 

2-4] 

2*40 

2-47 

2*62 

1-43 

170 

202 

2-30 

240 

2-48 

2-48 

2-45 

2-46 

2-44 

2-50 

2-72 

X'55 

192 

2-20 

2.42 

248 

2*53 

2-58 

2-6o 

2*61 

2-67 

279 

2-88 

3-03 

232 

262 

276 

2-90 

3-05 

3-18 

312 

315 

331 

350 

350 

1*90 

2-03 

2*12 

230 

2*51 

2-70 

2*66 

2-55 

2*50 

273 

285 

2*90 

1*90 

2*12 

2*42 

2*61 

280 

2*92 

300 

300 

3'02 

3-o8 

313 

320 

1-57 

1*90 

2-IO 

228 

2*41 

.    2-50 

2-55 

258 

2-68 

2-82 

2-95 

307 

170 

2-0O 

2*25 

2-42 

2-54 

2-6o 

2-68 

275 

2-8o 

2-97 

310 

3H 

i'8o 

2-07 

2'26 

2*42 

2-54 

2-65 

278 

2-98 

313 

3*35 

348 

—  - — • 

i«S 

2*09 

2-30 

2-50 

2-65 

280 

2-98 

317 

3-35 

•_.- 

2*47 

263 

3-15 

2*46 

280 

298 

310 

321 

3-38 

_— — - 

2*6o 

270 

2-88 

3-03 

1-98 

2-33 

263 

2*92 

312 

•>_  •  . 

2-31 

2*41 

2*49 

2-6o 

2-78 

2-90 

174 

223 

2-6i 

•  —  ••. 

2-55 

2-65 

2-68 

270 

2-75 

283 

2-95 

298 

1-66 

2*22 

2*34 

2-45 

262 

2-70 

275 

2-68 

275 

285 

304 

3-M 

1-45 

1*93 

230 

2-55 

2-68 

278 

2-76 

275 

2-6o 

2-66 

2*90 

312 

I-5I 

2'12 

2-56 

2-85 

3-02 

3-07 

303 

3-00 

302 

322 

3-46 

3*45 

2'00 

2*40 

2-8o 

304 

326 

332 

330 

328 

338 

356 

378 

3-80 

185 

2*35 

263 

2*92 

303 

3-20 

320 

3-24 

338 

360 

382 

•383 

2*l8 

2-55 

2-90 

313 

332 

3'45 

3*55 

350 

370 

3.90 

4'O0 

3-98 

2-02 

2-40 

2-68 

2-90 

310 

3-20 

3-30 

335 

3'6o 

387 

4*01 

4'00 

2-20 

2-58 

2-90 

310 

3-26 

3'35 

3*43 

3-48 

360 

370 

390 

3.90 

17c 

1-95 

218 

2-36 

2-50 

2*6o 

270 

2-82 

301 

325 

348 

3'57 

1*8^ 

2*12 

2*35 

252 

270 

280 

2-92 

312 

332 

356 



275 

5682 

6792 

77-17 

8367 

88-49 

91-06 

92-51 

92-26 

96-84 

97*6o 

100-37 

9904 

172 

206 

233 

2-53 

2-68 

276 

280 

2*8o 

2-85 

2-96 

304 

309 

i:;>j 
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Table  7. 
swimming-place,  edgar  town  harbor. 

[Observed  times  of  hif^h  and  low  water  and  turnings  of  current  referred  to  moon's  transit] 


Date  of 

obfHTva- 

tion. 


Sept.     I 


1S9I. 
Aug.  25 
26 
27 

28  ; 

29  * 

30 


II   ! 


3 

4 

li 

7  : 
S 

9 
10 

II 

12  ' 

'3  i 

14  I 

15  ' 
16 

17 
18 


Time  interval  after  moop's  transit. 


Ili?h 
water. 


Low 
water. 


A. 

2 


m. 
04 
'4 
50 
29 
06 
27 

05 

46 


3 

00 

2 

57' 

3 

02 

2 

56= 

3 

16 

2 

07 

2 

10 

2 

II 

2 

09i 

2 

02; 

2 

34 

2 

37 

2 

37i 

2 

37 

2 

08 

2 

12 

2 

47 

//. 

5 
5 
4 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 


Current  (^-urrcnt 

turns  turns 

fnun  fioni      i 

south  to  north  to  ,| 

north.  south.    ' 


04 

14 
54 
32^ 

23; 

45 
40 

23: 


23 
26! 


26': 
16' 

M\ 

55 
II; 
24 
02 

07 
08 
07 

07 
09 

44 

50 


4 

5 

4 
4 
4 
3 

4 

■» 

\ 
3 
4 
3 
4 
4 
4 
4 
4 
4 
3 
3 


w. 


>*. 


30; 
io| 

53 
08 

26 

46; 

o6| 

27, 
07; 

25' 

iii 

02' 
07 

o8| 
07I 

07 
09 

44 
20 


10 
12 
12 

12 
12 
II 
12 
12 

13 


12 
II 
II 
II 


II 
II 
10 
10 
10 


//;. 


27 
05:. 

16 

3° 

30 
26 1 

46 
07 


II 

24: 

321 

37 


07 
07 

38 

42 

17 


Date  of 

id»serva- 
tion. 


1 891. 


Oct. 


19 
20 

21 

23 
24 

25 
26 

2 

3 

4 

5 
6 

*7 
8 

9 
10 

*I2 
14 


Time  interval  after  moon's  transit. 


No.ofobs 
Sums. 

Means. 


HiRh 

water. 


Low 
water. 


h,     fft.t  fi.     tn. 


12 
12 
II 
II 
II 
II 


10 
02 

39 
46 

50 
54 


13    01 

12  41 

13  02 


5 

4 
4 

4 
4 
4 
5 
5 


Current 
turns 
from 

soutli  to 
north'. 


A.     w. 


02 

39 
46 

50 
54 

59 
05 
52 


12 


.r 


3  28 

4  06 

3  39 

3  46 


Current 
turns 
from 

north  to 
south. 


A.     fn. 


9  55 

10  32 

11  08 
9  46 

3   SO;  10  20 

3  39  10  24 
3  29 


12  13 
II  48 


I 

5  "13 
5  18 


37     34 
[461  42176  25 


12  29 


II 


27    i    24 
107   14=272   10 


3  58 


II   20 


*Gale. 
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Table  8. 
west  opening,  katama  bay. 


[Observed  times  of  high  and  low  water  and  turnings  of  current  rcferre<l  to  moon's  transit] 


Date  of 
observa- 
tion. 

Time  interval  after  moon's 

transit. 

Date  of 
observa- 
tion. 

Time  interval  after  moon's 

transit 

High 

Low 

Current 
turns 
from 

Current 
turns 
from 

High 

Low 

Current 
turns 
from 

Current 
turns 
from 

water. 

water. 

north  to 

south  to 

water. 

water. 

north  to 

south  to 

south. 

north. 

south. 

nortli. 

189I. 

h. 

m. 

k. 

m. 

n,     tn. 

■ 

h.  m. 

1891. 

n.       fft. 

A*     w. 

n,      tit. 

fm»       frtm 

Aug.  26 

8 

06 

3 

06 

8    36 

3     36 

Sept.  14 

8    04 

3    04 

10     22 

3    37 

27 

8 

13 

2 

5« 

9     16 

3    46 

15 

8     10 

3    04 

9    52 

3    37 

28 

8 

48 

3 

18 

8    48 

3    48 

16 

2    35 

3    09 

29 

8 

38 

2 

55 

9    53 

4    23 

17 

7    38 

2    40 

9    42 

3    14 

30 

X 

30 
10 

9    57 

18 

8    43 
7    50 
7     42 

2    46 

9     32 

3    05 
3    23 
3    31 
3    34 
3    46 

31 

2 

19 
20 

2  53 

3  01 
2    52 

7     J 

9    50 
9     27 

Sept.     I 

2 

2 

38 

4    08 

2 

38 
23 

3    53 
3    53 

21 

8    03 
8     10 

9    34 
9    26 

3 

8 

14 

2 

10    14 

22 

4 

8 

01 

2 

II 

10    01 

4    II 

23 

7    50 

»  —  .._• 

9    20 

3    50 

5 

7 

56 

2 

36 

9    56 

3    36 

24 

8    09 

3.    24 

9    38 

3    09 

6 

7 

46 

2 

42 

10    16 

3     16 

25 

8    29 

3    29 

9    59 

3    44 

7 

.~ 

_ ..  — 

.. 

... 

26 

3    35 

10    05 

4    05 

8 

9 
10 

8 
8 

24I 

TT 

2 

32 

9     25 
9    41 
9     54 
9    32 
9    37 

3    55 
3    41 
3    54 
3    32 
3    37 

29 

2    39 

4    09 

8 

09 
02 
07 

No.  of  obs. 

25 
203    58 

28 

27 
261     31 

30 
110    40 

II 
12 

8 
g 

3 
3 

17 

22 

Sums. 

81     56 

'3 

8 

35 

3 

38 

9    38 

3    38 

;  Means. 

8    09 

2    55 

9    41 

3    41 

■«§«■ 
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Time  interval  after 

Time  interval  after 

Date  of 
observa- 

moon's transit. 

Remarks. 

Date  of 
observa- 

moon's 

transit. 

Remarks. 

, 

tion. 

High 

Low 

tioa. 

High 

Low 

water. 

water. 

■  - 

wat  er. 

water. 

1891. 

fit    fftt 

A.   fn. 

1^91. 

^m        Ww% 

H,   fn. 

• 

Aug.     1 1 

I     04 

Sept.     18 

7    20 

I     29 

12 

7    24 

0     21 

18 

7     10 

I     15 

12 

7     21 

2    49 

19 

6    58 

I     28 

13 

7     19 

0    55 

20 

7    04 

0     56 

13 

7     55 

I     41 

20 

7    06 

I     26 

• 

14 

7    41 

I     25 

21 

7     14 

0     51 

« 

14 

7    45 

2     18 

21 

7    06 

I     03 

16 

8    01 

I     51 

22 

6    58 

0     56 

17 

7     51 

22 

6    53 

I     00 

19 

7     19 

I     09 

23 

7     15 

0     50 

20 

7     20 

I     50 

23 

7     12 

I     32 

20 

7     22 

0    52 

24 

7     H 

I     04 

21 

7     15 

I     25 

24 

—  •  ^  •  - 

I     56 

21 

0    38 

25 

7     16 

I     09 

28 

7"38 

I     41 

25 

7    29 

I     41 

29 

6    50 

0    33 

26 

7    23 

I     15 

29 

8     13 

2     17 

26 

7    45 

I     33 

30 

8    07 

0    20  1 

1 

27 

7    48 

2    03 

30 

8     10 

27 

8     13 

2    08 

31 

8    25 

28 

7    50 

I     55 

31 

8    40 

I     40 

28 

8    20 

2    01 

Sept.       I 

7    46 

2     16 

29 

8     16 

I    44 

I 

8    03 

I     53 

29 

8     19 

I     50 

2 

8     10 

2    20 

30 

8     16 

I     37 

2 

7     58 

I     38 

30 

8    07 

3 

7    47 

I     57 

Oct.        I 

8     12 

I     47 

3 

I     06 

I 

7    57 

I     27 

4 

7"s6 

I     46 

2 

8    01 

I     51 

4 

7     36 

I     16 

2 

7    47 

I     27 

5 

7    46 

I     36 

3 

7    47 

I     17 

5 

7     26 

0    56 

3 

7    37 

I     27 

6 

7     26 

0    46 

4 

7    45 

I     07 

6 

7    47 

0    47 

4 

7    42 

I     17 

7 

5 

7    28 

0    46 

8 

7     15 

I    06 

5 

7     10 

I     07 

8 

6    43 

6 

7     28 

I     03 

9 

7     31 

I     01 

6 

7     15 

0    45 

9 

7     17 

I     37 

7 

7    35 

0    37 

10 

7     24 

0    24 

7 

7    32 

0    47 

10 

I     28 

8 

7     12 

0     12 

II 

7'  08 

0    32 

8 

7     18 

0    42 

II 

7     22 

2    24 

9 

7    28 

0     >3 

12 

7     54 

0    37 

9 

7     14 

I     21 

12 

7     27 

I     47 

10 

7     20 

■"•"—"" 

13 

7     '7 

I     58 

10 

13 

7     38 

I     47 

13 

7    33 

I  20 

14 

6    37 

0     27 

13 

7     17 

I  38 

14 
15 

7     37 
7     17 

2    07 
I     27 

14 

7    28 

■ 

15 

7     27 

I       28 

No.  of  obs. 

95 

92 

16 

7     28 

I     19 

Sums. 

718    45 

124    49 

16 

7    39 

17 

7     20 

I     47 

'  Means. 

7    34 

I     22 

17 

7     29 

I     34 

3.  Ex.  37 16 


APPENDIX  NO.  6—1892. 


ON  THE  CHANGES  IN  THE  OCEAN  SHORE  LINES  OF  NANTUCKET  ISLAND, 
MASSACHUSETTS,  FROM  A  COMPARISON  OF  SURVEYS  MADE  IN  THE 
YEARS  1846  TO  1887  AND  IN  1891. 


A  report  bj  Hknry  L.  Marindin,  Assistant. 
Submitted  for  publication  April  7,  1893. 


In  comparing  the  surveys  of  the  ocean  shore  h'nes  of  ITantucket 
Island,  we  have  been  obliged  to  limit  the  inquiry  to  an  examination  of 
the  shore  line  iis  defined  by  the  crest  of  the  high-water  line,  without 
considering  any  shift  of  the  submerged  portion  of  the  coast  because  of 
the  insufticiency  of  the  data  aftbrded  by  the  earlier  hydrographic  sur- 
veys. 

Although  the  recent  surveys  of  1890-'9l  contain  numerous  cross 
sections  with  soundings,  they  did  not  fall  on  a  sufficient  number  of 
depths  on  the  older  surveys  to  permit  of  rehable  results  by  comparison. 

This  compaiison  is  based  on  measures  taken  from  a  point  of  origin, 
determined  on  each  cross  section  by  actual  measurement  in  the  field. 
The  geographical  position  of  this  point  of  origin  was  afterward  obtained 
by  platting  on  the  chart  and  measuring  by  scale  to  the  nearest  meridian 
and  parallel  of  latitude. 

The  island  of  Nantucket  is  fast  becoming  of  great  importance  as  a 
summer  resort,  a  statement  fully  warranted  by  the  increasing  number 
of  hotels  and  cottages  built  there  each  year.  The  examination  of  the 
stiibility  of  its  shores  thus  becomes  of  prime  importance  to  this  sum- 
mer population  as  well  as  to  the  inhabitants  engaged  in  its  shore  fish- 
eries. 

The  absence  of  the  knowledge  which  is  brought  out  by  just  such  a 
comparison  as  this,  permitted  the  location,  some  years  since,  of  aline 
of  railroad  and  many  valuable  buildings  upon  a  part  of  the  shore  where 
the  changes  are  so  great  that  in  a  few  years  more  the  ground  on  which 
they  stand  will  have  been  washed  into  the  sea  and  the  capital  involved 
lost  beyond  recovery. 
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The  data  npou  which  this  coinparisoit  ih  based  will  be  found  in  tabu- 
lar form  in  Table  No.  1;  part  of  this  data  can  again  be  utilized  in 
future  comparisons. 

An  inspection  of  the  accompanying  illustration  (No.  24)  reveals  the 
fact  that  the  ocean  shore  of  the  island  of  Nantu(;ket  is  divided  into  two 
great  exposures  to  wind  and  sea.  The  part  from  Great  Point  to  Sias- 
consett  having  an  eastern  exposure,  tempered  by  off-lying  shoals,  and 
the  part  from  Siasconsett  to  Smiths  Point,  at  the  western  end  of  the 
island,  having  a  southerly  exposure  without  mitigating  conditions  from 
off-shore  shallows.  The  abrading  force  of  the  waves  should  therefore 
differ  sensibly  on  these  two  portions  of  the  shore,  and  we  find  this  to 
be  the  case,  as  will  be  shown  further  on. 

Before  presenting  the  general  results  of  the  comparison  as  to  these 
two  divisions  of  exposure  it  will  be  interesting  to  note  a  few  local 
changes  since  1840. 

THE  STABILITY  OF  GREAT  POINT.  ^ 

(See  illustration  No.  24.) 

r 

The  comparison  discloses  a  remarkable  stability  of  this  exposed  sandy 
point.  The  end  of  Great  Point  is  sharp  and  well  defined.  The  oscil- 
lation of  the  point  as  indicated  by  its  position  in  184(>,  and  again  in 
1887-'90,  is  contained  within  the  circumference  of  a  circle  with  a  radius 
of  15  metres.  The  position  in  1846  and  1887  falls  within  a  circle  with  a 
radius  of  only  5  metres. 

It  may  be  noted  that  during  the  period  since  1846  these  shores  have 
been  visited  by  very  severe  gales,  notably  that  of  1851,  known  as  the 
Minots  Ledge  gale.  We  have  no  survey  showing  the  position  of  this 
point  immediately  preceding  and  following  that  gale,  but  whatever 
may  have  been  the  damage  in  1851  it  had  regained  its  position  in  1887 
and  maintains  it  to  this  day. 

CHANGES  AT  THE  HAULOVER. 

(See  illnstration  No.  25.) 

The  name  of  Haulover  is  given  to  that  part  of  the  beach  which  sepa- 
rates the  head  of  Nantucket  inner  harbor  from  the  ocean.  Some  im- 
portance attaches  to  this  locality  from  the  fact  that  attempts  have 
been  made  to  induce  the  General  Government  to  appropriate  the  means 
for  cutting  a  passage  through  the  beach. 

An  attempt  of  this  kind  was  made  in  1871  through  a  petition  signed 
by  the  citizens  of  Nantucket.  According  to  the  petitioners,  the  object 
to  be  gained  was  twofold;  first,  that  of  creating  an  harbor  of  refuge  in 
the  bay  called  the  head  of  the  harbor,  and,  secondly,  to  increase  the  tidal 
scour  over  the  bar  at  the  entrance  to  Nantucket  inner  harbor. 

The  Coast  Survey  was  asked  at  that  time  to  make  a  resurvey  of  the 
locality,  and  the  work  was  intrusted  to  Assistant  Henry  Mitohell.* 


Cr5C»«t iUid  CcMUticSurvey Report  f0rJ8$2.  Pktrt  D 
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On  the  changes  in  the  ocean  alwre  lines  of  Nantuclcet  Island, 

Mr.  Mitchell  reported  favorably  on  the  project,  but  nothiug  came  of  it. 
A  few  years  later,  in  1874,  the  Uuited-  States  Engineers  again  made 
surveys  of  the  harbor  and  the  Haulover,  but  their  rei)ort,  published  in 
the  report  to  the  Chief  of  Engineers  for  1875,  Part  ii,  p.  375,  was  not 
favorable  to  the  project. 

In  1874  the  width  of  the  Haulover  beach  was  about  450  feet  between 
low-water  mark  inside  and  the  same  datum  outside. 

In  1890  the  narrowest  width,  on  cross  section  No.  53,  was  found  to  be 
21K)  feet  between  low- water  marks.  This  shows  a  loss  of  width  of  160 
feet  in  sixteen  years,  or  at  the  rate  of  10  feet  per  year.  This  is,  how- 
ever, only  a  close  approximation,  because  based  on  the  assumption 
that  the  measurement  taken  in  1890  was  made  at  the  same  place,  or 
nearly  so,  as  that  of  1874. 

If  we  compare  the  width  in  1846  we  find  459  feet  as  against  170  feet* 
in  1890,  or  a  yearly  erosion  of  6J  feet.  This  is  the  more  reliable  state- 
ment, and  if  taken  in  connection  with  the  preceding  testimony  we  can 
only  infer  that  the  retreat  of  the  shore  may  have  been  much  greater 
between  1874  and  1890  than  during  the  preceding  period  to  1846. 

The  erosion  has  obtained  almost  entirely  on  the  ocean  side,  so  that 
where  the  shore  line  was  in  1840  we  have  in  1890  a  depth  of  water  of 
J8  feet.  The  shore  line  inside  the  beach  has  remained  almpst  station- 
ary. Usually  where  a  beach  is  found  with  a  low  cross  section  and  a 
body  of  water  back  of  it,  the  storm  waves,  in  making  a  breach  over 
the  beach,  carry  over  a  large  volume  of  sand,  which  is  deposited  on  the 
inner  slope  and  maintains  the  width  of  the  beach  whUe  beating:  it  back. 
This  does  not  seem  to  have  been  the  case  at  the  Haulover,  although 
there  are  evidences  of  the  wash  of  the  waves  through  sloughst  into  the 
harbor.  As  far  as  known  there  has  never  been  an  opening  through  the 
Haulover,  and  from  a  study  of  the  conditions  which  exist  here  it  is  very 
doubtful  if  any  opening  could  be  maintained  for  any  length  of  time. 

The  situation  of  the  Haulover  has  been  compared  to  that  of  Katama 
beach,  Marthas  Vineyard,  but  the  conditions  diflfer  in  these  two  cases. 
On  the  south  shore  of  the  Vineyard  the  seas  are  much  more  boisterous 
than  at  the  Haulover,  and  these  have  repeatedly  forced  a  passage 
through  Katama  beach,  a  wider  and  stronger  barrier  than  the  Haul- 
over.  There  is  also  a  greater  difference  of  level  of  the  water  surfaces 
at  Katama,  giving  a  greater  scouring  force  to  the  current  than  can  be 
obtained  at  the  Haulover. 

A  close  approximation  to  the  time  when  the  natural  forces  shall  have 
worn  away  the  Haulover  beach  or  forced  a  passage  through  into  the 

*  These  widths  are  measured  between  high-water  marks,  inside  and  outside,  as 
measuroments  betweoti  low-water  marks  could  not  be  obtained  from  the  survey  of 
1846. 

t  The  height  of  crest  line  within  the  sloughs  is  about  9^  feet  above  sea  level;  other 
parts  of  the  beaoh  range  from  11  to  13  feet  in  height. 
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upper  harbor  may  be  made  from  the  data  quoted  above.  With  the 
conditions  remaining  the  same,  it  will  take  less  than  twenty-two  years 
ibr  the  Haulover  beach  to  be  a  thing  of  the  past.  * 

ADVANCE  OF  THE  BEACH  AT  SIASCONSETT. 

(Sm  lllnttration  No.  26.) 

There  has  been  a  marked  advance  of  the  beach  since  1846.  This 
advance  of  the  shore  line  begins  at  a  point  428  metres  north  of  San- 
katy  Head  light-house,  and  extends  for  a  distance  of  3  miles  to  a 
point  about  one-half  mile  south  and  west  of  the  village  of  Sia^consett. 

The  greatest  advance'^  (255  metres)  occurred  just  west  of  the  south- 
em  end  of  the  village. 

Directly  opposite  the  center  of  the  village,  where  the  beach  is  used 
for  bathing,  the  advance  has  been  slightly  less  than  100  metres.  This 
favorable  condition  has'protected  the  foot  of  the  bluffs  in  the  vicinity 
from  the  wash  of  the  seas  so  that  they  have  suffered  but  slight  erosion 
in  years  past. 

The  summer  visitors  to  this  quaint  village  continue  to  increase 
yearly,  and  the  number  of  cottages  built  yearly  is  also  on  the  increase. 
The  fishing  interest  is  represented  by  dory  fishing  for  blaefish  and 
mackerel  in  season.  • 

POINT  OF  GREATEST  WEAR  OF  THE  SOUTH  SHORE. 

(See  illustration  No.  26.) 

The  greatest  erosion  of  shore  and  bluff  line  since  1846  is  found  at 
Surfside,  near  Weeweeder.  The  cut  into  the  blufts  extends  from 
Forked  Ponds  to  Weeweeder,  a  distance  of  3 J  miles.  The  height  of  the 
blufi's,  within  this  distance,  averages  22.4  feet  above  mean  sea  level, 
while  the  width  of  belt  eroded  varies  from  zero  at  Forked  Ponds  to  190 
metres  opposite  Surfside  Hotel.  The  mean  width  of  the  eroded  belt  is 
389  fe^t,  which  gives  an  area  of  land  of  165  acres  worn  away  in  forty- 
four  years.  The  survey  of  1846  shows  the  bluff  line  in  the  same  relation 
to  the  high-water  line  as  in  1890.  We  may  therefore  conclude  that 
the  volume  lost  at  Surfside  is  about  6,000,000  cubic  yards.  Part  of  this 
material  has  gone  westward  and  lodged  on  shore  at  Miaconiet  Eip. 

CHANGE  IN  THE  SHORE  LINE  AT  MIACOMET  RIP. 

(See  illustration  No.  26.) 

A  sharp  advance  of  the  shore  line  is  here  noted.  The  configuration 
is  changed  from  a  exjncave  shore  in  1846  to  a  convex  curve  in  1890.  In 
consequence  of  this  change  the  landing  place  for  the  fishing  fleet  has 
been  shifted  eastward  to  Surfside. 

The  currents  over  the  rip  have  not  undergone  any  change  as  far  as 
known.    This  is  a  noted  fishing  ground  for  bluefish  and  mackerel. 
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On  the  changes  in  the  ocean  shore  lines  of  Nantucket  Island. 

CHANGES  AT  SMITHS  POINT. 
(See  illustration  No.  27.) 

The  most  western  end  of  the  island  of  iN'antucket  has  been  called 
Smiths  Point.    This  point  is  most  erratic  in  position.    In  1846  it  was , 
situated  at  the  end  of  a  long  and  narrow  sandy  beach,  almost  directly 
west  of  the  island  of  Tuckernuck. 

Ten  years  later,  in  1856,  the  point  was  about  1  mile  to  the  eastward, 
and  in  1887  the  point  to  which  the  name  of  Smiths  was  applied  was 
found  to  the  southwest  of  Tuckernuck  Island  3|  miles  east  of  its  posi- 
tion in  1846. 

These  remarkable  changes  are  exhibited  in  illustration  No.  27,  which 
shows  the  position  in  184^-1856-1887  and  1891. 

In  1846  the  south  shore  extended  westward  past  the  island  of  Tuck- 
ernuck, leaving  a  waterway  250  metres  wide  between  it  and  that  island. 
In  1856  this  waterway  remained  about  the  same,  but  between  1856  and 
1887  the  storms  wrought  a  great  change  in  this  locality.  The  beach 
which  was  a  part  of  Nantucket  Island  and  which  protected  the  south 
shore  of  Tuckernuck  Island  had  been  beaten  back  on  the  island,  filling 
up  the  water  space  existing  in  1856.  A  new  inlet  had  also  broken 
•through  this  beach  at  a  point  southeast  from  Tuckernuck,  which 
remained  open  at  the  last  survey  in  1891. 

The  survey  of  1887  shows  an  extension  of  old  Smiths  Point  beach  to 
the  westward  as  far  as  Muskeget  Island  since  1846,  but  under  what  con- 
dition this  growth  took  pla^^e  has  not  been  ascertained  and  may  not  be. 

It  is  probable  that  much  of  the  material  with  which  this  point  is 
maintained  came  from  the  south  shore  of  Nantucket;  the  wear  and  tear 
of  Tuckernuck  Island  shore  and  Muskeget  Island  shores  may  have 
furnished  a  small  quota,  but  the  bulk  came  from  the  south  shore. 

We  may  now  consider  the  results  of  the  comparison  for  the  entire 
length  of  the  exposed  shore  of  Nantucket  from  its  eastern  end  at  Great 
Point  to  Smiths  Point. 

The  comparison  gives  an  average  yearly  erosion  and  consequent 
retreat  of  the  shore  line  of  0*81  metres  for  the  period  1846  to  1891.  If, 
however,  the  seaward  face  of  the  island  is  divided  into  two  great  expo- 
sures, as  previously  alluded  to,  one  from  Great  Point  to  the  elbow  at 
Siasconsett  and  the  other  from  Siasconsett  to  Smiths  Point,  the  first 
one,  being  an  easterly  exposure  tempered  by  outlying  shoals,  should 
offer  the  minimum  yearly  wear  and  tear,  and  this  is  the  case.  Between 
Great  Point  and  Siasconsett  the  average  yearly  retreat  was  049  metres, 
and  between  Siasconsett  and  Smiths  Point  the  average  retreat  was  1*42 
metres,  or  747  per  cent  of  the  rate  for  the  easterly  exposure. 

Between  1846  and  1887  the  yearly  retreat  was  1-29  metres  for  the 
southerly  exposure  and  0*18  metres  for  the  easterly  exposure. 
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The  area  of  land  lost  to  the  sea  on  the  south  shore  in  the  forty-five 
years  since  1840  is  350  acres,  or  a  yearly  average  of  nearly  9  acres. 

The  conclusion  from  the  foregoing  evidence  is  that  the  sea  is  inevi- 
tably encroaching  upon  the  southern  and  eastern  shores  of  the  island 
at  a  comparatively  rapid  rate.  What  is  the  result  along  the  northern 
shore,  bathed  by  the  wat43rs  of  the  Sound,  is  not  in  evidence,  but  it  is 
reasonable  to  say  that  the  results  are  in  the  same  direction,  but  on  a 
smaller  scale. 

The  comparison  involved  the  examination  of  eleven  original  surveys, 
differing  in  scales,  of  which  tracings  had  to  be  made.  This  will  indi- 
cate to  a  certain  extent  the  amount  of  work  to  be  performed  before 
arriving  at  results  which  may  be  expressed  in  a  few  figures. 

The  Jfour  diagrams  accompanying  the  report  were  prepared  by  Mr. 
Homer  P.  Bitter, 
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INTBODUOTOBT  REMARKS. 

With  the  present  or  fourth  report  of  the  results  of  the  magnetic 
observations  made  at  Los  Angeles,  Gal.,  between  1882-1889,  the  series 
of  redactions  is  concluded.  Part  i  *  contains  the  results  of  the  absolute 
measures,  parts  nt,  ni|,  and  ly,  those  of  the  differential  measures  of 
the  declination,  and  of  the  horizontal  and  the  vertical  components  of 
the  magnetic  force  respectively;  to  the  last  part  has  also  been  added 
the  resulting  variation  of  the  dip  and  of  the  total  magnetic  force. 

The  verticalfaree  magnetometer. — In  consequence  of  the  great  sensi- 
tiveness of  the  adjustment  of  this  instrument  with  respect  to  tempera- 
ture, the  scale  of  value  of  the  balancer  magnetometer  had  to  be 
frequently  redetermined,  nor  could  a  uniform  value  be  applied  for  the 
whole  series. 

The  scale  is  exactly  similar  to  the  unifilar  and  the  bifilar  ivory  scales, 
it  being  graduated  to  half  millimetres.  As  mounted,  the  zero  division  is 
at  the  bottom  end,  the  500  or  last  division  at  the  top.  It  is  secured  to 
a  vertical  brass  arm  attached  to  the  slate  slab,  and  its  numbers  appear 
erect  and  to  increase  downwards.  Length  of  one  division  of  scale, 
0-607"". 

The  horizontal  magnet,  mounted  on  a  knife  edge,  is  about  16^^  out 
of  the  magnetic  meridian,  its  north  (seeking)  end  bearing  magnetically 
N.  16^o  E.;  thus  the  angle  between  the  incident  and  reflected  rays  o.f 
light  is  32§o.  Increasing  scale  numbers  correspond  to  a  downward 
motion  of  the  N.  (seeking)  end  of  the  magnet  or  to  increasing  vertical 

force. 

Angular  value  of  one  division  of  the  scale. — ^We  have  the  following 

dimensions:  Front  edge  of  upper  end  of  scale  to  mirror,  40*89  inch 

(103-86*^*");  curvature,  0-065  inch  (0-165«");  thickness  of  rim,  0*005  inch 

(0-105<^");  two- thirds  thickness  of  mirror,  0-067  inch  (0-170«°)j  hence 

r = 104*36<^°',  angle  of  plane  of  scale  with  plane  normal  to  center  of  mirror 

1-524 
{h = 0-6  inch),  tan  a  =  3^04.35,  and  a  =  0©  50'  12" ;  hence  r  cos  a  =  104«35 

and  a  =  3437-75  ^=0'-8351. 

To  determine  the  corresx>onding  space  on  the  vertical-force  trace, 

we  have  distance  from  vertical-force  cylinder  to  face  of  mirror,  plus 

two-thirds  thickness  of  mirror,  57135  +  0-067  inch  (or  145-293*""),  and 

00507  X  145-293 

104:35 =  0'(yi(i  593«°».  Ifow  let  ^'=  the  distance  from  the  plane 

(or  rather  from  the  conical  surface)  of  the  ray  which  makes  the  lumi- 
nous dot  to  the  plane  of  the  normal  of  the  mirror,  then  by  measure 

•  See  Appendix  No.  8 — Report  for  1890. 
tSee  Appendix  No.  9 — Report  for  1890, 
tSee  Appendix  No.  4 — ^Report  for  1891« 
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Besults  of  the  differential  measures  of  the  vertical  component  of  the 

magnetic  intensity  at  Los  Angeles, 

h'  =  11-6  inch  (29-210«'°)  »ud  distance  r  =  104^36<^"',  the  angle  ♦  becomes 

sin     .  y  =  16°  15' -3,  and  finally  the  value  of  one  division  of  the  scale 

as  measured  on  the  vertical-force  cylinder  becomes  0*070  593  cos  i  =■ 
0*067  77<»"'.    Also  100  scale  divisions  equal  6-78<^°». 

Scale  value  in  terms  of  the  vertical  force, — Two  methods  are  available 
for  this  purpose  and  both  were  employed. 

First  method;  oscillations, — ^The  change  of  vertical  force  V  in  terms 

dY     T*h 
of  the  force  is  given  by  the  relation :  -y-  =  -Tp  cot  6 .  ^.    Where — 

Ti,=the  time  of  one  oscillation  of  the  magnet  with  all  its  appendages 
in  a  horizontal  plane. 

Ty=:the  corresponding  time  of  the  same  in  a  vertical  plane. 

^=the  dip,  very  nearly  59^  30', 

0=the  angle,  expressed  in  radians,  through  which  the  magnet  turns 
for  a  change  of  position  of  the  luminous  spot  corresponding  to  one  scale 
division. 

Observations  were  made  September  5  and  25, 1882,  by  M.  Baker  as 
follows.    Each  set  consists  of  60  oscillations: 

A.  m.  s. 

Scpl.  5,11  53  a.  m.  Th  =  6-2362  at  264  C.  \ 

2  22  p.  m.  157      297  C.  [-Whence           T«b  =  38-801  at  28-6  C. 

2  50  p.  m.  167      298  C.  J                              also  38-664  at  23-0  C. 

The  temperature  coefficient  for  Fahrenheit  scale  being  0*000  35  or 
0*000  63  for  G  scale;  torsion  of  suspension  and  rate  of  chronometer  were 
allowed  for. 

The  vaiue  of  Tv  was  determined  from  twelve  sets  of  oscillations  on 
September  25,  with  a  temperature  of  23^*0  0,  viz: 

A,  tn.  s. 


At 


10  55  a.  m. 

Tv  =  770weigl 

It  I 

II  16 

•40 

2 

II  24 

77 

3 

II  29 

•52 

"  35 

•40 

II  43 

•53 

II  50 

•39 

II  57  a.  m. 

•44 

2  28  p.  m. 

•23 

2  35 

.32 

2  46 

•24 

2  53 

•23 

s. 

Weighted    mean    Tt= 7*399  «nd    T«t  =  547452, 

'Ph                38664  ^      , 

hence    TrcoiO=zj^  cot  59*»  31^  =  0-416025. 


For  the  value  of  if?  we  have  for  one  centimetre  of  change  in  the  lumi- 
nous dot 

^    .^-ono T^?rs  =  0-003 5855, hence  4?  =  ^'^Ol  491 6  and  100  scale 

2  X  145*293  cos  16o*3  '  V 

divisions  were  previously  found  to  equal  6*78<^",  hence  one  centimetre 
corresponds  to  14-749   scale  divisions  and  A;=  =0'OWL<SVV 

which  is  the  value  of  one  scale  division  in  terma  oi  \>Mi  n^x\ar»V  1^^^^* 


■«i 
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Second  method;  deflections, — The  method  is  as  follows:  First,  a 
(letlectiiig  laaguet  is  placed  with  its  axis  in  the  maguetic  'prime  vertical 
at  a  distance  r  to  the  north,  and  also  to  the  south,  of  the  middle  of  the 
unifilar  magnet,  causing  in  the  unililar  a  deflection  of  u  degrees  (scale 
divisions  times  angular  value);  next,  the  same  (ledecting  magnet  is 
placed  in  Vk  perpendicular  position  and  in  the  plane  of  the  axis  of  the 
vertical  force  magnet,  at  the  same  distance  r  to  the  north  and  also  to 
the  south  of  the  middle  of  the  vertical-force  magnet,  causing  it  to  be 
detlected  n  scale  divisions,  then  the  value  of  one  scale  division  or  Ic  in 

terms  of  the  vertical  force  is  found  from  the  formula:  A?  = cot^, 

n 

On  September  25,  1882,  a  set  of  deflections  was  made  at  a  distimce 

r=l  foot  11  inches,  or  68-42<'™,  with  the  following  result: 

h.  f/t.  Q 

At  3  17  p.  m.  V-force  magnet,  at  23*9  C,  deflected  55*82  scale  divisions. 

3  29  p.  m.  U-  magnet,  at  23*9  C,  deflected  36*68  scale  divisions. 

3  44  p.  m.  V-force  magnet,  at  23*7  C,  deflected  50*40  scale  divisions. 

Hence  u  =  36*68  X  o^794  =  29^*  1 24  and  «  —  5  3*  1 1 

tan  29^  07^^  44 
A=z — cot  59*  30' =  0000  0940 

Recapitulation  of  results,  September  25,  1882: 

Value  of  Jk  by  oscillations,  0*000  loii 

deflections,  0*000  0940 


Mean,  o*ooo  0976 

It  would  take  too  much  space  and  contribute  nothing  further  to  our 
knowledge  thaii  what  we  can  get  from  the  results  themselves  to  pre- 
sent the  record  of  the  numerous  observations  for  value  of  scale  of  the 
Lloyd  balance  magnetometer.  The  following  abstract  of  the  result.^  is 
given  in  sutticiont  detail  and  with  all  needful  explanation  to  show  the 
biwis  of  the  adopted  values  for  k  during  the  seven  years  of  us©  of  the 
instrument: 

dV 
Collection  0/ results  for  scale  coefficient   y  =  kfor  vertical-force  ma/jnet- 

ometer—from  oscillations  {O)yfrom  deflections  (i>). 

1882.  (O)  (D) 

Sept.  25,     ^  =  0*000  loii     /fe=:o-ooo  0940 
Oct.   31,  1839  1640,  change  due  to  readjustment  of  mirror  Oct.  13. 

1883. 
Aug.    I,  o-ooo  1432  0000  1019 

The  vertical-force  magnet  was  taken  off  its  support,  and  rebalanced 
and  readjusted  August  3. 

(O)  (D) 

Aug.  3,  1883,   /•  =  0'000  1395     >t  =  o-ooo  1034 

On  these  values  Mr.  Baker  remarks: 

The  results  from  the  deflections  on  August  I  and  August  3  are  not  satisfactory  for  the 
reason  that  the  smaller  the  distance  between  the  magnets  the  larger  the  resulting  value  of 
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Results  of  the  differential  measures  of  the  rertival  eomponeut  of  the  ma4j- 

netic  intensity  at  Los  Angeles. 


Aug.  I 
3 


Distance,  2  ooo 
feet. 


0*000  924 
I   005 


rqi7  feet. 


0*000  1018 


Mean 


o-ooo  1019 
1034 


Secondly,  for  results  from  the  oscillations  it  is  apparent,  particularly  when  the  magnet 
oscillates  in  the  vertical  plane,  that  the  time  of  one  oscillation  varies  directly  with  the  ampli- 
tude of  the  swing  and  not  in  accordance  with  the  law  for  reduction  to  an  infmitesimal  arc; 
hence  the  greater  the  amplitude  the  smaller  the  value  of  k.  If,  therefore,  we  should  make 
our  amplitude  of  oscillation  sufficiently  large  and  our  distance  of  deflection  sufficiently  small, 
we  might  get  accordant  results  by  the  two  methods,  but  we  would  not  yet  be  sure  that  these 
accordant  results  accurately  represent  the  degree  of  sensitiveness  of  our  magnetometer. 

The  observer  also  points  to  friction  as  one  of  the  causes  of  the  dis- 
crepant results,  and  states  his  unfavorable  opinion  resi>ectiug  the  use  of 
tlie  balance  nuignetonieter — an  experience  which  he  also  shared  with 
others. 

January  2,  1884,  the  magnet  was  rebalanceil,  since  the  luminous  dot, 
if  unchecked,  threatened  to  leave  the  cylinder;  on  the  same  date  the 
scale  value  was  redetermined. 


(O) 


(D) 


Jan.  2, 1884,     ^=0000  1339  before]  >t=oooo  o7«;6  l>efore  ) 

1 2^^  after     r^^^^*"'^'"^-  0000  0842  after    }  rebalancing. 

April  30,  1884.  On  account  of  the  sudden  change  of  reading,  April 
0,  a  redetermination  of  the  scale  value  was  made  at  the  close  of  the 
month  and  with  special  care  to  discover  the  cause  of  the  discrepancy 
previously  noted.  After  rebalancing,  new  sets  of  observations  were 
made  on  May  1,  1884. 

1884.  (O)  (D) 

Apr.  30,  k  =  0000  1 7 1 6 1  i^r    g  ^  =  00000 97 1  before \ 
May  I,                           •1574  J  V  rebalancing. 

May  I,  1297     after  rebalancing.  0818  after  J 

The  detail  values  from  the  deflections  now  show  less  variation  due  to 
change  in  deflecting  distance,  viz: 


Apr.  30. 
May  I. 


a'ooo  feet. 

1-833  feet. 

1-667  feet. 

•0000956 

0848 

i 

•0000972 

0834 

•0000985 
0772 

Mean 


•0000971 
0818 


The  dependence  of  the  time  of  one  oscillation  on  the  amplitude  of  the 
swing  also  is  less  pronounced  than  on  former  occasion. 

May  31,  1884.  Immediately  after  the  rebalancing  on  May  1,  the 
usual  slowly  progressive  running  off  the  scale  set  in  and  the  reading  had* 
reached  400  ami  was  still  increasing  on  May  31;  a  rebalancing  and  a 
redetermination  of  the  scale  therefore  became  imperative,  otherwise  the 
luminous  dot  would  have  gone  off  the  cylinder.  The  observations  are 
by  Mr.  Baker,  assisted  by  Messrs.  Welker  and  TeiTy,  and  are  pronounced 
by  him  unsatisfactory,  viz : 
S.  Ex.  37 ^17 
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t 


(O)  (D) 

May  31.    >6  =-  o-ooo  1144,     k  =  cooooCSo  from  three  sets,  showing  but  a  trifling  increase 

with  distance. 
18S4. 

Sept.  7.  Values  of  k  from  deflecting  distances  2'000,   I '833,  and   i'667  feet,  res|>ectively. 
Observations  by  C.  Terry,  jr.,  o*ooo  0782,  o  000  0794,  o-ooo  0773.    Mean  000  0783. 
Nov.  30,  k  from  oscillations  cooo  1335,  results  of  one  oscillation  fairly  accordant. 

k  from  deflections  o*ooo  0882  three  sets,  fairly  accordant,  no  dependence  on  dis- 
tance. 
Dec.  4,  k  from  oscillations  0*000  1423,  results  fairly  accordant. 

k  from  deflections  0*000  0961   three  sets,  fairly  accordant,  no  dependence  on  dis- 
tance. 

The  remaiiuug  determinations  have  been  omitted,  since  subsequently 
no  use  was  made  of  the  series  1885  to  1889. 

Throughout  the  seven  years'  reeord,  and  for  each  observer,  there 
appears  a  systematic  difference  in  the  vahies  of  A*  as  derived  from  the 
oscillations  and  from  the  deflections,  the  latter  giving  a  smaller  value. 

From  a  general  scrutiny  it  would  seem  that  the  deflection  results  are 
more  tnistworthy  than  the  oscillation  results,  at  least  the  deviations  of 
the  values  for  differeiit  distances  keep  within  tolerably  narrow  limits 
and  with  little  dependence  on  the  deflectiiig  distance,  whereas  the 
oscillation  results  show  greater  discord  due  to  the  diiflculty  of  getting 
a  true  value  for  the  time  of  one  oscillation  when  the  magnet  is  made  to 
swing  on  its  knife-edge.  In  combining  results  for  k  (())  and  Ar  (1)),  I 
have  given  the  former  the  weight  \  and  the  latter  weight  Ij  we  then 
have  the  following: 

Recapiiulatmi,  of  resulting  scale  values  of  the  vertical  force  magnetometer. 


Date. 

1882. 

Sept.  25 
Oct.  31. 

Aug.  I. 
Aug.  3. 

>  to  Oct.  13. 
1883. 

1S84. 

Jan.  2. 

Jan.  2. 

Arkr     in 

Mav   f 

/tin  terms  of  v. 


Remarks. 


'  May  I. 
May  31. 

Sept.  7. 


Nov.  30. 
Dec.  4. 


July 


I. 


1885. 
1886. 


Jan.  4. 


0*000096 


Value  to  be  used  from  begiiHiing  of  series  to  Oct.  13. 


171  I  To  be  used  from  Oct.  13  to  31. 


,  I 


116     An  apparent  gradual  decrease  .since  Oct.  31,  1882.  ; 
115  '  Magnet  rebalanced  between  Aug.  i  and  3. 


095  I  An  apparent  gradual  decrease  .since  Aug.  3,  1883. 
100  '  After  rebalancing. 

{The  value  of  Apr.  30  from  oscillations  is  re- 
jected.    These  observations  were  made  in  conse- 
quence of  a  sudden  change  of  readings  on  Apr.  9. 
098      After  rebalancing. 

1  (     After  May  4  a  slow  decrease  in  the  scale  read- 
084  '■  \  ings  was  noted, hence  the  new  determination  aAer 
,  (  rebalancing. 

{From  deflections  only ;  making  allowance  for 
difference  of  (O)  and  (D)  tliis  value  would  be 
about  o-ooo  093. 

III 

132  '■  An  apparent  increase  since  Dec.  4,  1884. 

r      Before    rebalancing,     from    oscillations    only. 
'     i  \  Values  accepted  though  unusually  smaU. 


REPORT   FOR    1892 — PART   H. 


259 


Becapitulution  of  resulting   scale  values  of  the  vertical  force  magnet- 
ometer. 


Date. 

1 
k  in  terms  of  V. :                                          Remarks. 

1 

1 

1                1 886. 

1  ■%  S^            M 

Q    *(     After    rebalancing,    from    oscillations     only. 

<  Jan.  4« 

090 

(Values accepted,  though  unusually  small. 

Feb.  II. 

lOI 

Mar.  iS. 

073 

Before  rebalancing,  from  oscillations  only. 

Mar.  1 8. 

094 

After  rebalancing. 

June  25. 

142 

An  apparent  increase  since  Mar.  18. 

1887. 

f 

Tan.  4. 

142 

June  24. 

144 

Dec.  29. 

"3 

• 

1888. 

Jan.  8. 

i 

f     Before    rebalancing,    from    oscillations    only. 

°90  :  \  Value  accepted. 

•  'Jan.  8. 

147 

After  rebalancing. 

June  26. 

177 

Dec.  20. 

173 

18S9. 
Oct    I 

182 

f     An  apparent  increase  in  the  value  of  Jk  through- 
\  out  the  year  1888,  and  up  to  date. 

t 

The  values  of  k  actually  adoi)te(l  in  the  reduction  of  the  differential 
observations  are  specially  noted  on  the  monthly  records.  The  average 
value  is  0.000  117. 

It  is  obvious  from  the  above  results  that  the  instniment  was  not  per- 
forming satisfactorily;  this  is  supposed  due  to  the  want  of  symmetry  in 
the  distribution  of  masses  with  respect  to  the  plane  of  the  knife-edge 
and  to  the  fact  that  the  instrument  was  badly  balanced,  turning  almost 
about  otie  point  in  the  knife-edge  nearest  the  magnet,  instead  of  rest- 
ing evenly  along  its  entire  edge.  Thus  the  magnet  had  a  tendency 
to  place  itself  in  the  magnetic  meridian.  It  is  also  supposed  that  the 
small  dimensions  of  the  magnet  in  comxiarison  with  the  massive  appen- 
dages were  unfavorable  to  its  eificiency,  but  the  principal  cause  of  the 
unsatisfactory  working  of  the  instrument  was  the  unequal  effect  of 
changes  of  temperature  on  different  materials  unsymmetrically  distrib- 
uted with  reference  to  the  knife  edge,* 

DETER^nNA^riON  OF  THE  TEMPERATURE  OF  THE  VERTICAL-FORCE 
MAGNET  AND  OF  ITS  COEFFICIENT  OF  TEMPERATURE,  AND  METHOD 
OF  REDUCTION   OF   OBSERVATIONS  TO  A  UNIFORM    TEMPERATURE. 

The  instrumental  means  by  which  the  temperature  of  the  vertical- 
force  magnet  has  been  ascertained  are  exi)lained  in  detail  in  the  pre- 
ceding Part  III  of  the  discussion. 

The  thermograph  record  between  February,  1883,  and  May,  1885, 
answers  for  both  the  bifilar  and  the  Lloyd  balance  magnets,  and  the 
only  difference  in  the  treatment  tor  the  two  magnets  consists  in  sub- 
stituting the  thermometer  readings  under  the  bell  glass  of  the  ver- 
tical-force magnet  for  the  readings  of  the  thermometer  of  the  bifilar 

*  These  defects  in  the  cou^tnictiou  of  tlio  instrument  were  fully  noticed  atii^ 
reroediod  in  the  Hpring  of  1890  before  remounting  it  at  San  Kii^Awv^)'^^'^* 
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inaguet.  The  mean  daily  tiMiiperature  of  the  Lloyd  balance  magnet 
as  well  as  its  hourly  temperature  were  deduced  4)y  the  fomuihv  given 
in  Part  iii. 

It  has  been  noticed  that  the  temperature  of  the  vertical-force  mag- 
net is  systematically  lower  by  O-T^  C^'  than  the  teminn^ature  of  the 
l>ifiLar  magnet.  This  is  attributed  by  the  observer  to  the  unerpial 
effect  of  the  heat  of  the  lamps  on  glass  inclosures  of  different  shape 
and  volume,  the  bifilar  bell  glass  being  high  and  that  of  the  Lloyd 
balance  Hat  and  low. 

The  diurnal  range  of  tiie  temperature  throughout  the  year  is  close 
to  li^  C,  and  the  range  between  the  mean  temperatures  of  the  coldest 
and  warmest  month  is  about  9J^  C;  the  adopted  standard  temi)erature 
of  the  magnet  is  23.6^  C,  as  stated  in  Part  iii. 

The  temperature  coefficient  (q)  of  the  balance  magnet  was  deter- 
mined directly  by  means  of  the  defiections  at  high  and  low  temperatures 
on  September  8,  1882,  and  indirectly  from  the  hourly  readings  of  the 
])hotographic  traces,  the  methods  being  similar  to  those  explained 
in  the  case  of  the  bifilar  magnetometer. 

Observations  for  temperature  coefficient  q  =      .     .       of  the  verti- 

calforce  magnet,  September  8,  1882.    Observers :  leaker  and  Suess, 

The  magnet  is  placed  in  a  co])per  box,  south  end  westward  and 
center  of  box  placed  0!i  deflecting  bar  2  feet  east  of  unifilar  magnet; 
the  copper  box  is  filled  with  broken  ice,  and  to  raise  the  temperature 
gradually  warm  water  is  added.  Magnetometer  No.  S  was  mounted 
and  rea<l  for  changes  of  declination,  but  the  readings  proved  unsat- 
isfactory* to  the  observer,  who  substituted  a  normal  diurnal  change, 
as  shown  in  the  computation. 


■ 

I 

• 

5     i   « 

C 

1 

c                           1 

1 

00 

§Sl  .2 

-3 

1 

. 

•a                                           1 

1 

a 

. 

.E  S            EC 

0  ~         c  '•^ 

orrected  re 
U.  M. 

d 
a 

V 

c 

w 
c 

B 

0 

.    M.    re  I 
mean. 

cmp,  Fali't 

t-U 
Fah't. 

•J 

'^ 

\J           1      w 

^ 

U 

0               H 

! 
1 

1 

i  d 

0 

d       '        0 

9  35 

I  4730  -  27' 470-3 

33' I 

I  aiul 

II:     47365      32'90|— 1-251      -2672 

1 

lO  oo 

214720    —2*1 

469-9 

450 

2 

10 

473' lO;    4565     -0-70       I3i;7 

21 

314705    —II 

469-4 

56-0 

3 

Q 

472-75,    5510— 0-351—  4-52 

1 

45 

4  469-81  +01 

469-9 

65  0 

4 

8 

472-35    65-05   -f-o-o5!  r   5-43 

1 

II     lO 

514690  -j-ri;  4701 

74-5 

5 

7 

47205     73-95    1-0-35    •  14-33 

28 

6';  468-81  i  I  71  470-5 

851 

6 

470-50!    85- 10  -i  1-90:  -f- 25-48 

■ 

13  II 

7,4709  4-31.474'Oi 

734 

35 

8  472-0'  4  2-8!  474-8 

65-1 

Means  •    472-40'    59-62 

2t 

2t 

1 

14  07 

9' 473-61  f-2-5 

47611 

54*2 

« 

4-60 

90-45- 

50-25  C. 

30 

55 

ioi474'o'  ^-2*3 
II  475-0;  -f  2'0 

476-3; 
477-0 

463 
327 

• 

1 

' 

//  — 

0^794  (—327-25 4-472-40)   -  1°  5: 

/•25 

HOO 

12.327*3 

a 

0^794  /343775                     -000c 

>  231 

i 

.'.q 

—  o'ooo  631 

*  Supposed  to  hav^e  been  ofcasioueil  by  development  of  torsion  iu  the  Buspi-nsion. 
LU  values  of  n  and  of  /  —  /„  being  taken  j>ositive. 
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Determination  of  the  temperature  of  the  vertical  force  magnet,  etc. 

With  an  average  value  of  I  division  of  scale,  Jc  =  0-000  117  we  have 

?  =  5'4  scale  divisions  of  the  vertical  force  instrument.  Tbe  above 
a; 

observations  were  not  satisfactory  to  the  observer,  and  the  method  of 
deducing  (q)  from  the  diiferential  (>bservation8  themselves  was  adopted 
as  preferable,  as  it  takes  in  the  fuU  amount  of  temperature  effect.  It 
would  appear  tbat  on  account  of  the  unsymmetrical  distribution  of 
masses  attached  to  the  magnet  of  the  Lloyd  balance,  the  direct  eflfect 
of  a  change  of  temperature  on  tlm  dimensions  of  tliese  masses  greatly 
influenced  its  balance,  in  consequence  of  which  circumstance  it  was 
found  necessary  to  reconstruct  the  instrument  before  remounting  it  in 
181)0  at  the  ne>v  station  in  Texas. 

For  the  purpose  of  deducing  a  value  of  q  from  the  hourly  readings 
of  the  balance  magnetometer,  special  selections  were  made  of  series  of 
days  with  a  large  change  of  temperature  and  apparently  unaff'ected 
by  disturbances.  For  each  series,  the  daily  mean  scale  readings  for 
days  of  low  temperature  were  c>ompared  with  the  daily  mean  readings' 
for  days  of  high  temperature;  the  dift'erences  of  these  means  or  A« 

and  the  corresponding  Af  gave  a  value  for  g  =  —z.    Twenty-seven 

selected  series  betAveen  February,  1883,  and  April,  1885,  depending  on 
more  than  400  daily  means  produced  the  value  g  =  7*5;  ten  of  the 
best  values  gave  q  =  6*4.  These  results  are  excessive,  and  were 
caused  by  large  and  irregular  changes  in  the  position  of  the  zero  of  the 
scale,  and  all  attempts  to  deduce  any  satisfactory  value  in  this  manner 
had  to  be  abandoned.  Further  trials  with  smaller  values  led  me  finally 
to  adopt  g  =  §  of  the  value  obtained  from  the  direct  observations  or 
q  =  3'G  scale  divisions.  It  will  be  noticed  that  even  with  this  value 
the  curve  of  the  diurnal  variation  of  the  vertical  force  is  considerably 
affected  by  the  t4?mi}erature  correction;  in  fact  the  question 'whether 
the  a.  m.  or  p.  m.  exti^me  high  value  of  the  force  is  the  greater  of  the 
two  depends  almost  wholly  on  the  amount  of  temperatm*e  correction 
applied. 

We  adopt  for  this  correction     ^  «  =  3-6  (23o-6  0.  —  t). 

The  following  tables  contain  the  hourly  temiieratures,  deduced  from 
monthly  averages,  of  the  vertical-force  magnet  under  the  bell  glass, 
during  the  time  when  the  thermograph  was  iu  operation: 
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Abstract  of  mean  hourly  temperature  of  the  vertical  force  magnet  in 

degrees  centigrade. 


1883. 


Local 
hours. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.      Oct. 

Nov. 

Dec. 

0 

0 

0 

0 

0 

0 

0 

0            0 

0 

1 
1 

0 

I 

«  ^  ^  ^ 

1735 

20-62 

20-29 

22*52 

26-12 

2S-01 

2816 

2936    2456 

2243 

21-30 

2 

-  —  _. 

17-20 

20*53 

20-16 

22*44 

26-01 

27-90 

28-03 

2926    24-48 

22-29 

2117 

3 

_  __. 

1706 

2047 

20-07 

22*37 

25*92 

2783 

27-91 

29-15    24*41 

22-19 

21*07 

4 

..-- 

16-96 

20-38 

20*00 

22*33 

25-83 

2775 

27-82 

29-07    24*36 

22-12 

20*96 

5 

_  •_ — 

16-87 

2033 

19*91 

2228 

25*77 

27-68 

27-74 

2900    24*33 

22-03 

2087 

6 

«  «  ^  * 

1678 

20-26 

19-83 

2226 

25-70 

27*64 

27-65 

28-93    2430 

21*    5 

2078 

7 

-  _  •.  — 

16-71 

20*22 

>9-77 

22-25 

25*69 

27-61 

27*61 

28-S9    24-30 

21*89 

20*68 

8 

»  •  ••  _ 

16-67 

20'2I 

1979 

22*34 

25-79 

27-62 

27*66 

28-87    24-34 

21*85 

20*59 

9 

16-72 

20-26 

19-92 

22-47 

25-98 

27*70 

2780 

2895    24-45 

21-85 

20*56 

lO 

_  »  _  — 

1699 

20*43 

2016 

22*69 

26*33 

2793 

28-12 

29-11     24-02 

22-05 

20-66 

II 

—  — — • 

17-15 

20-49 

20-26 

22*77 

26-42 

2804 

28-30 

29-23    2471 

22- 19 

20-80 

Noon 

«  w  w  M 

17-44 

20-58 

20*41 

22-88 

26-53 

28*24 

28-55 

29-42    24-86 

22-40 

21-04 

13 

.--• 

17-69 

20*72 

20-60 

22*98 

26-69 

28-48 

2878 

29-69    25-01 

22-08 

21-30 

M 

V  •  .•   — 

17-94 

20*90 

20-77 

23-08 

26-85 

28-69 

29-04 

29-90    25*14 

22-97 

2153 

'5 

_  —  •  • 

18-14 

2 1  04 

20-S7 

23*  1 2 

2694 

28-81 

29-21 

30-05    25-24 

23-lS 

21-75 

i6 

•  —  .  • 

18*29 

2114 

20-97 

2318 

27*01 

2890 

29-29 

30-18    25-30 

2335 

21-91 

17 

...  - 

18-40 

21*19 

21-03 

23*20 

27*08 

2896 

2936 

30-28    25  ;5 

2349 

22-05 

i8 

>  —  —  • 

18-45 

21-22 

2109 

23*22 

27-18 

28-99 

29-41 

3035    2544 

23-54 

22-09 

19 

-  —  .  - 

18-41 

21-18 

21*08 

23*21 

27*22 

29-01 

29-41 

30-32    2536 

23-45 

2  2 -03 

20 

-  •  —  • 

18-28 

21-10 

2100 

23*12 

27-14 

28*92 

29-28 

30-17    25-2? 

2329 

21-89 

21 

w    *   a.   w 

18-14 

20-99 

20-87 

23-02 

26*98 

28-71 

29-06 

2994    2503 

23- 11 

21-74 

22 

•    .    •.    • 

17-96 

20-88 

20-72 

22-88 

26*79 

28-49 

28-81 

29-72    24-S5 

22-91 

21-59 

23 

17-77 

20-76 

2059 

22*75 

26*61 

28*29 

28*62 

29*55    2472 

22-70 

21*42 

Midn'l 

1759 

20-66 

20-43 

22-63 

26*44 

28-12 

28*42 

29-38    24-57 

2255 

21-29 

Means 

17-54 

20*69 

2044 

22-75 

26*46 

28-26 

28*50 

29-53    2479 

22-60 

21*29 

1881. 

July. 

Local 
hours. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Aug. 

Sept.      Oct 

Nov. 

Dec. 

0 

0 

0 

0 

0 

0 

0 

0 

0           0 

0 

0 

I 

19-49 

19*89 

20*17 

20*39 

22*34 

24*96 

27-54 

28*51 

26*37  24-06 

22-54 

20*35 

2 

1935 

1980 

20-07 

20-30 

2227 

24-87 

27-41 

28*41 

2624  2396 

22-43 

20* -27 

3 

19*22 

19-77 

19-97 

20*25 

22-23 

24-79 

27-34 

28-30 

26-13  23-<^6 

22-35 

20-20 

4 

I9I3 

19-69 

19-91 

20*17 

22-19 

2472 

2723 

28-25 

26-04  23-76 

22-27 

2013 

5 

1907 

1962 

19-84 

20-10 

22*14 

2467 

27*14 

28- 14 

25-98  2366 

22-20 

20*04 

6 

1900 

19-57 

19-79 

2006 

2212 

24-61 

27-05 

2806 

25-94  23-55 

2212 

19*97 

7 

'8-93 

19-50 

19-72 

20*01 

22*11 

2458 

27-00 

28*00 

25-89  23-47 

2206 

19*90 

8 

i8-86 

19*44 

19-73 

2005 

2215 

2464 

2704 

2803 

25-90  2y.\2 

22-03 

19-S4 

9 

18-87 

19-45 

19-76 

20-32 

22-^4 

25-00 

27-34 

2835 

26-0'')  23-58 

22-14 

19-85 

lO 

19*00 

'954 

19-98 

20-79 

2258 

25-02 

27-43 

28-41 

26-18  23-.' '9 

2226 

19-90 

11 

1908 

19-63 

2o-o6 

20-79 

22*6o 

25-10 

2754 

28-52 

26-34  23-86 

22*45 

1998 

Noon 

19-29 

19-77 

20-17 

20*8l 

2265 

25-20 

27-72 

2868 

26-52  24*09 

22-70 

2014 

'3 

19-55 

19*95 

2027 

20-90 

22-75 

2528 

27-88 

28*85 

26-69  2430 

23-00 

20-32 

»4 

19-82 

20*15 

20*38 

20-97 

22-86 

25-34 

28-05 

29-02 

26-84  24-49 

2332 

2052 

«5 

2005 

20*33 

20*44 

21-05 

22-93 

25-39 

28.19 

29-15 

26-96  24-64 

23-54 

2068 

i6 

20-27 

20*50 

20*51 

21-09 

23-01 

25-44 

28*28 

29*26 

27-08  24-77 

23-73 

20-84 

17 

20*47 

20*60 

2055 

21-17 

2309 

25-51 

28-38 

29-  ?  I 

27*18  24-88 

2384 

20-94  ! 

'      18 

20-6o 

20*71 

2063 

21-33 

231S 

25-61 

28-51 

2938 

27-25  24-96 

2393 

2 1  -06  ' 

19 

20-54 

20-68 

2062 

21*26 

2313 

25(»o 

2848 

29-34 

27-23  24-92 

2380 

2101 

20 

2037 

20-55 

20*56 

21-14 

2304 

25-55 

2838 

29-26 

27-12  24-77 

2355 

20S6 

21 

20-15 

20-39 

20*47 

2097 

22*02 

25-46 

2822 

29-15 

2697  24-60 

23-29 

20-70 

22 

1997 

2027 

20-35 

2082 

22S0 

25-34 

2S01 

28-99 

26-79  24-42 

2304 

20-55 

23 

19-82 

20*13 

2023 

2068 

22-68 

2522 

2787 

2884 

26-61   2426 

22-86 

2041 

Midn't 

1967 

20*02 

20-11 

2059 

22-56 

25-12 

27  66 

28-69 

26-47  24*  1 1 

2270 

20  29 

2 

Means 

19*61 

20*00 

20*18 

20-67 

22*62 

25*12 

2774 

28*70 

26*53    2417 

2284 

20-36 
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1885. 


Local 

hours. 

1 

Jan. 

•  Feb. 

Mar. 

1 
Apr.       , 

Local 
hours. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

1 

o 

0 

0 

0         i 

0 

0 

0 

0 

I 

19-84 

21-36 

22-98 

24-08     1 

1            14 

20-25 

21-77 

2373 

24-43 

2 

1971 

21-21 

22-87 

2397 

i         '5 

20-50 

22-02 

2384 

2447 

3 

19-63 

21-13 

22*79 

2387 

16 

20-67 

2218 

2393 

2454 

4 

»9'55 

21-05 

22-70 

2379     1 

17 

20-82 

22-35 

24-02 

2457 

5 

19-49 

20-98 

22-65 

2373 

18 

20-94 

22-50 

2415 

24-61 

6 

19-43 

20-88 

22-59 

23-67 

19 

20-88 

22-48 

24-14 

24-61 

7 

1934 

20-78 

22-54 

2362 

20 

2069 

22-32 

23-98 

2458 

8 

19-26 

20-72 

22-55 

23-61 

21 

20'49 

2213 

2378 

2451 

9 

19-26 

20-69 

2272 

2379 

22 

2031 

21-90 

2359 

2439 

lo 

19-30 

20-78 

22-84 

2392 

23 

2017 

21-72 

2339 

24-29 

II 

19-46 

2097 

23-00 

24-09     1 

i  Midn't 

20-01 

21-55 

2323 

2419 

Noon 

19-68 

21-22 

23-24 

24-21     < 

i 

13 

1 

1 

19-96 

21-49 

23-49 

2434 

1 

'  Means 

19-98 

81-51 

2328 

24-16 

Ijot  m  =  value  of  one  thermogram  scale  division  in  degrees  centigrade 
and  S'o  =  the  mean  temi)erature  in  scale  divisions  correspomling  to  the 
adopted  standard  temperature  23o*G  C,  then,  as  in  the  case  of  the 
bifilar  magnetometer  (see  p.  55,  Part  II,  of  Report  for  1891). 
Between 

February,  ISaS,  and  July,  1884,  inclusive,  m  =  — 0-G8  and  S'o  =  17-3 
August,  1884,  to  May  9,  1885,  m  =  +0-09  and  S'o  =12-5 
heu(*e  for  these  periods 

A«  =  —  2-47  (17-3  -^  h')  and  =  +2-47  (12-5  — «'),  respe^.tively,  where 
«'=  the  thermograi)h  reading.  The  temperature  corrections  for  the 
hourly  rciidings,  as  far  as  i)resented  here,  were  applied  by  Mr.  L.  A. 
Bauer  at  intervals  between  June  and  October,  1892,  who  also  supi)lied 
the  daily  mean  values  and  the  monthly  averages  for  each  hour  during 
the  same  i)eriod  (November,  1882,  to  October,  1884,  inclusive). 

Correction  for  shift  of  zero  of  scale. — A  more  serious  difficulty  than 
that  of  freeing  the  differential  measures  from  the  effects  of  change  of 
temperature  was  encountered  in  the  ever-changing  adjustment  for  the 
zero  of  scale.  After  plotting  the  daily  mean  readings  on  suitiible  cross- 
ruled  paper,  it  became  api)arent  that  these  changes  were  of  the  most 
irregular  character;  the  readings  for  short  or  long  periods  would  some- 
times decrease,  sometimes  increase.  All  that  could  be  done  was  to 
trace  a  curve  with  a  free  hand  and  apply  as  a  correction  to  each  daily 
meapU  the  corresponding  ordinate  between  this  trace  and  an  ado]>ted 
normal  reading,  viz,  100  divisions.  This  being  done,  the  hourly  values 
for  any  one  day  could  likewise  be  reduced  to  the  same  standard  of 
reference. 


264  u.  a  COAST  and  geoijetic  survey. 


GENERAL  REMARKS  ON  THE  DIFFERENTIAL  SERIES  OF  OBSERVATIONS 

OP  THE  VERTICAL  FORCE  COMPONENT. 

Tfae  remaiDin;^  uncertainty  in  the  honrly  readings  of  the  balance  mag- 
netometer due  to  our  imperfect  knowledge  of  the  redaction  for  changes 
of  temperature,  no  less  than  the  apparently  fitful  changes  in  the  ])osi- 
tion  of  the  zero  of  the  scale  due  to  the  instrument  not  keeping  iii  adjust- 
ment, has  necessarily  limited  the  useful  record  to  the  two  years  from 
November,  1882,  to  (October,  1884.  Even  within  this  limit  it  was  not 
found  practicable  to  separate  disturbed  from  normal  values,  since  it 
was  not  known  to  what  extent  the  a1>ove  imperfections  were  mixed  up 
with  actual  magnetic  disturbances;  more  refined  investigations,  such  as 
the  lunar  inequaliticB  or  the  influence  of  soUir  rotation,  were  entirely 
out  of  the  question. 

The  two-year  series  of  hourly  scale  readings  (correcte<l  for  changes 
of  temperature  and  of  scale)  are  ai>pended  to  this  pa|)er;  for  each 
month  tliere  are  given  the  daily  means  as  well  as  the  monthly  means 
for  each  of  the  twenty-four  hours,  also  the  differences  of  each  of  the 
latter  from  the  monthly  mean  value  of  all  hours  or  days.  These  differ- 
ences are  collected  in  the  following  table;  they  constitute  the  solar 
diurnal  variation  for  each  mouth: 
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Differential  ohservatiotM  of  the 

[Monthly  means  of  the  diurnal  variation  of  the 
a  I  i  sign  indicates  |  ^^^^  force 


Year 

and 
month. 


1882. 

Nov. 

Dec. 

1883. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1884. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 


Local  mean  time. 


-fro 

-j-2-O 


-fo-9 

-|-2-0 


+07 
-f-2-O 


I 


+  1-6 

+  1-4 

+  1-4 

-fo-8 

-fo-9 

-fo-5 

-f  i*o 

-f  i-o 

-fo-7 

4-0-6 

-fo-5 

-I-0-2 

4-0-9 

-fo-6 

-fo-6 

-I-0-8 

-1-0-8 

-fo-5 

-fro 

-^o-8 

-fo-7 

-f«7 

4-2-0 

-f2-3 

-fi-8 

-j-2-O 

-f  2-0 

-fi-5 

-f  1-6 

-I-I-5 

-hi-9 

+  1-9 

-f2-2 

-fi-5 

-hi-8 

-fi-9 

-f  i-o 

4  1-3 

-f-r2 

-fo-8 

-f-o-9 

-|o-9 

-15 

f  14 

■i  1-3 

+  17 

■1  17 

-fi7 

-fo-9 

i  09 

-fo-8 

f  1-6 

40-9 

-Jo-5 

-f-2-8 

f  I  9 

fi-i 

4. 2-6 

-f-i-8 

-I-I-2 

-fl-I 

-fo7 

-fo-9 

-hi-5 

-f  1-2 

-f  I-o 

-fo-5 
-f-19 

-fi-i 

+0-3 
-fo-6 

+03 

-fo-4 

4-0-9 
-fo-8 

-f-2-7 

■f2-3 
-fi-9 

-f2-5 

+2-4 

+  1-3 
fo-8 

-f  1-2 

+  1-5 
-f-o-9 

fO-2 

fo-5 
-fo7 
-fo-5 
4^0-6 


8k 


lO" 


II' 


Noon. 


-f-0-5 
-t-2-O 

+  1-3 

-fO'I 

-fo-4 
-fo-4 

-fo-7 

-f  I'O 

-fi'3 

-f3*« 
-f2-6 

-fi-9 

+27 
-f2-6 

-fi-5 
-f-o-8 

-fi-4 

-f-i-9 

4-1-3 
o-o 

fo-3 

-fo-7 
-fo-6 
-fo-4 


-fo-6 
-fi-9 

-f  1-2 

-fo-4 
-fo-9 

4-0-8 

-f  I-o 

+  1*3 

4-37 
4-30 

4-2-3 
4-3*3 
4-30 

4-17 
4-1-2 

4  2-0 

4-2-2 

4-17 
4-0-4 
-fO-2 

40-9 
4-1-2 

4-07 


4-0-6 

4-1-8 

4-I.-5 
4-0-7 

4-I-I 
4-1-3 

4-1-2 

4->7 
-f  2-0 

4-3-5 
4-3-2 
4-2-6 
4-4-0 

4-3-3 

-f  2-2 
4-1-3 

4-2-5 
+  1-9 

4-«'7 
4^04 

-{  0-4 

40-9 

4-1*3 
4-0-7 


4-2-0 

4-0-9 

4-fi 

4-1-4 
4-0-8 

4-1*3 
4-1-7 
4-3-2 
4-3-2 
4-2-5 

-»-3-8 
4-3-6 

4-2-5 

4-1-9 
f  2-6 

4-1-4 

-f  ri 

--0-2 
-0-3 

-  -0-6 
4-0-8 
-I-0-6 


4-0-4 

7-8 

-3*5 

-3*8 

4-1-5 

—1*3 

— 2-9 

—3*7 

41*4 

— o-i 

— 2-0 

—3-1 

o*o 

-1-4 

—2-3 

—2-6 

4-0-1 

—1-9 

—3-1 

—3*4 

— 0-2 

—1-8 

— 2-9 

— 2-6 

-0-3 

— 2-2 

-2-5 

—1-9 

4-01 

—  1-9 

—2-6 

—  2-2 

4-0-7 

-2-6 

— 3-« 

—3-0 

4-2-2 

—  Of 

— 0'9 

iX 

4-1-5 

—  1-2 

— 2-0 

—2-8 

4-1-5 

— 0-6 

-1-5 

— 2-0 

4-2-6 

—  0-7 

—21 

3-* 

4-3*3 

O-O 

—  17 

-2-4 

4  1-4 

—  I-o 

-3-8 

—4-9 

4-1-2 

405 

—  1-2 

-2-5 

40-9 

—19 

-3-9 

--4-8 

—0-4 

—2-2 

— 2-9 

-3-t> 

—0-6 

—  1-9 

—2-6 

-27 

-1-9 

—4*7 

-5-3 

4*7 

-3'3 

-8-4 

-8-4 

7-8 

4-4 

— 9*2 

—91 

-7-8 

—I-o 

-5*5 

-5-6 

-5-4 

— 07 

-2-5 

-3*4 

—3-7 

The  zero  corre<itioii  necessarily  precludes  any  iuvestigation  respect- 
ing the  annual  inequality  and  the  annual  change  due  to  the  secular 
variation.  For  the  introduction  of  any  absolute  vaUies  we  have  to 
refer  to  Part  I  of  the  results  of  the  Los  Angeles  observations,*  which 
contains,  in  tabular  form,  the  monthly  mean  values  of  the  dip  and  of 
the  vertical  force  throughout  the  series. 

The  solar-diurnal  variation  of  the  vertical  force. — For  the  purpose  of 
exhibiting  the  solairdiurnal  variation  of  the  vertical  component  of  the 
magnetic  intensity  in  a  form  quite  suitable  for  comparison  with  the 
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vertical  force  at  Los  Angeles^  CaU 

vertical  force  expressed  in  scale  divisions.] 
than  the  diurnal  average. 


Local  mean  time 

t  scale 

17" 

18k 

ly" 

division 

in  parts 

ofv. 

»3^ 

«4^ 

is" 

i6fc 

ao"* 

ax* 

33b 

a."       ^*'[?- 
'3       night. 

—3*3 

—2*3 

—  14 

-07 

+04 

-fo-9 

-fi-s 

-fi-5 

4-2-1 

4-17  4-2-0  4- 1-8 

•0001 7 1 

-41 

—37 

—  2-9 

— 2-0 

—  10 

-^•3 

-f-o-i 

-fo-5 

4-ro 

4-11 

-f  I-I   4-1-4 

165 

_30 

—24 

—  1-9 

—1-3 

— 0-9 

—  0-6 

—0-2 

— 01 

-fo-3 

4-0-7  4-o'9  4-*i 

159 

—2-9 

-2-5 

—  i-i 

-07 

-|-OI 

-fo-9 

-;  0-9 

4-1-2 

4  1-6 

ri'4 

4-17  +1-5 

153 

—3-2 

— 2"  I 

-    09 

01 

--09 

4-1-4 

-'-IS 

'1-3 

-11 

4-0-8 

4-0-5  405 

147 

—2-4 

.—'7 

-  O'S 

-^03 

-4-10 

-1  1-6 

-r  v6 

t  II 

-tO-8 

-I  0-6 

-f  0-2    -fO-I 

141 

-1-6 

—  1-2 

o'S 

^01 

4o-4 

-1  06 

-■  10 

- 1-0-8 

-1  0-6 

4-07 

4-0-5    4-03 

135 

—1-8 

-1-6 

-i-o 

--0'2 

-}-0-2 

+07 

i  08 

-j-0-5 

4-0-2 

i-o-4 

-f  0-2    -f  0-4 

129 

2-6 

-21 

—  1-4 

08 

_o-3 

-foi 

-fi-5 

-fo-9 

407 

-0-7 

4-0-9  4  0-8 

123 

—2-5 

—  2*9 

—30 

-3-2 

—29 

— 29 

-2-6 

—1-9 

-i-i 

— 03  4-0-5  4- I-I 

116 

—3-1 

—27 

—2-4 

-2-5 

-2-4 

—  2! 

— 09 

0-8 

-04 

-fo-i 

4-0-6  4-1-2 

112 

— 21 

— 20 

— 21 

— 21 

— 2-1 

-'•5 

-1-4 

— 0-9 

— 0-6 

— o-i 

4-0-3  4-0-7 

108  1 

—3-5 

37 

-3-6 

—3-5 

3*1 

-17 

-1-3 

— 0-9 

-0-5 

4-0-I 

f  08   4-1-2 

104, 

—3*4 

—3-5 

3'5 

—3-2 

—2-5 

-'•5 

-1-4 

"-0-9 

-  0-6 

o-o 

4-0-5  4-0'8 

100 

-45 

-3-6 

2-4 

-1-2 

—  0-2 

-fi'3 

-    ro 

4-0-7 

-fo-8 

--o*9 

4-09  -hr3 

100 : 

—3'0 

—32 

-27 

»7 

—  I-I 

-f-i'O 

-0-8 

4-0-7 

-  0-6 

4-0-7 

-f  0-6  4-07 

104 

—45 

-3'5 

—  2-4 

-1-4 

— 0-8 

-fo-8 

+  i'3 

-fii 

4  i-i 

4-1-3 

4  1-2  4-1-4 

108 

-  ys 

--3-4 

2-5 

-   1-9 

—  ro 

-t  0-6 

-  0-8 

4-0-7 

-f-i-o 

4-1-3 

-1  1-4  415 

112 

—2-8 

-  2-5 

— 20 

-II 

-06 

-fo-8 

4-0-8 

-4-0-8 

fi-i 

-1-2 

--1-5  4-1-6 

091 

—40 

-33 

—  2-0 

-  05 

fo-8 

-+-3-4 

4-1 

4-4*o 

4- 3' 2 

-12-8 

■\   2-2    -[-I-^ 

089 

-6-4 

— 49 

-29 

0-8 

-fi-8 

+57 

+6-3 

4-6-0 

■\  5-1 

4-3 

-^  3*Q  4-2-6 

086 

—  6-2 

— 4-4 

—  21 

-\-02 

+3*2 

4-5-9 

■f5-8 

-151 

-i  4-6 

4-4-0 

4-3-3  4-2-6 

082 

—4-5 

-  -2-8 

—  1-4 

-   0'2 

f-07 

4-30 

4-3-2 

-V3'2 

4  2-8 

\  2-3 

4-2-3  4-1-8 

080 

—3*2 

—  2-1 

—  ri 

-04 

-f  0-6 

-f  20 

-f-i-4 

+  1-4 

4  1-4 

ri-4 

-f  1-2  -fi-i 

095 

like  variation  at  other  stations,  the  scale  divisions  were  converted  into 
vaUies  expressed  in  parts  of  tlie  force  as  sliown  in  the  following  table, 
whicli  also  contains  mean  values  for  each  hour,  separately  for  the  first 
and  for  the  second  yeiir  as  well  as  for  the  nn^an  of  both  years,  and  further- 
more two  sets  of  hourly  mean  values,  one  for  the  time  (summer  half  year) 
when  the  sun  is  in  north  declination,  the  other  for  the  thne  (winter  half 

year)  when  in  south  declination.    To  the  tabular  values    y     is  added 

a  column  containing  the  observed  values  of  V,  which  latter  will  be 
needed  to  express  the  diurnal  variation  in  absolute  measure  (or  dynes). 
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Monthly  means  of  the  diurnal  rariatioi^ 


•I 


o'ooo  [fourth  and 

[Local  mear 
4^           5* 

1  time.] 
6* 

• 

Year  and 

inontii. 

1882. 

x» 

9* 

3» 

7* 

8^ 

9* 

IO» 

ii»     X 

■ 

Nov. 

+17 

+15 

-1-12 

+09 

4-09 

4-10 

-LlO 

+  19 

+07 

-48 

—60  - 

Dec. 

-h33 

-f-33 

:  33 

•31 

-S3 

-31 

^30 

-r-33 

+  25 

—21 

-48  - 

1883. 

Jan. 

-f25 

-|-22 

+  22 

+  38 

—21 

+  19 

424 

+22 

-{-22 

— 02 

—32  - 

Feb. 

-fI2 

+  14 

+  08 

+05 

+02 

+06 

411 

^14 

00 

—21 

—35   - 

.Mar. 

4-15 

+  15 

+  10 

-^09 

+06 

+  13 

-^16 

16 

-^02 

—28 

-46   - 

Apr. 

to8 

+07 

+03 

—  04 

-ro6 

-uii 

+  18 

-  20 

-03 

-25 

—41    - 

May. 

4-12 

+08 

+08 

+05 

1-09 

-f-14 

+  16 

—  II 

-04 

30 

—34   - 

June. 

-fio 

+  10 

+06 

+  12 

+  13 

+  17 

-i  22 

+  17 

'  01 

—24 

—34   - 

July. 

-fI2 

+  10 

+09 

+  10 

+  16 

+  18 

-;25 

421 

409 

32 

-38    - 

Aug. 

-f  20 

+  23 

+  27 

+  31 

+36 

+43 

+41 

-r-37 

•  26 

—01 

— 10   - 

Sept. 

-|-20 

+  22 

+  22 

+  26 

+29 

+34 

436 

•36 

T    '7 

-'3 

—22    - 

Oct. 

+  16 

+  17 

+  16 

+  20 

+  20 

'  25 

428 

■\  27 

tie 

-06 

—  16   - 

Nov. 

-f20 

+  20 

+  23 

+  26 

+28 

-^34 

^-42 

-^  40 

-27 

-^7 

—22    - 

Dec. 

4-15 

+  18 

+  19 

+24 

+26 

-.-30 

:  33 

•36 

+33 

—00 

-17    - 

1884. 

Jan. 

-fio 

+  13 

+  12 

+  13 

+  15 

+  17 

+22 

.  25 

+  '4 

—  10 

-38 

Feb. 

408 

+  09 

+09 

+oi 

4-08 

+  12 

-i  14 

^  20 

+  '2 

+05 

—  12 

Mar. 

-116 

+  15 

+  14 

+  13 

+  15 

+22 

-L27 

^  28 

1 

+10 

—20 

—42    - 

Apr. 

19 

+  19 

+  19 

+  17 

+21 

+  25 

-^  21 

416 

-04 

-25 

—32    - 

May. 

-io8 

+  08 

-07 

-roS 

^12 

+  16 

--  16 

:  10 

06 

-'7 

—24    - 

June. 

i  14 

+  08 

+  04 

-02 

+00 

+04 

+04 

—  02 

«7 

-42 

—47    - 

July- 

f-24 

4i6 

-  10 

+04 

+03 

i^02 

*o3 

-03 

28 

-72 

72   - 

Aug. 

-r2i 

+  '5 

.   10 

^06 

406 

'  07 

07 

-05 

.36 

75 

-75    - 

Sept. 

-f09 

+06 

07 

+04 

-ros 

-i   10 

4  10 

:  06 

—oS 

—44 

-45    - 

Oct. 
First     year, 

+  14 

+  " 

-^10 

+06 

4,04 

07 

-^07 

406 

-07 

-24 

-32   - 

Nov.,  1882, 

to()ct..'83. 

inclusive. 

-f-168+164-f  147+150 

+  166  +201 

+230+227+097 

-211  - 

-346- 

Second  year. 

Nov.,  1883. 

to  Oct., '84, 

inclusive. 

+  149  +132+120  4  109  +119  +154  +171 

+  147 

-008 

—276 

-382  - 

Mean  of  two 

years. 

+  158+148 

-fi  33  +129  +142  +177  +200 

+  187 

-044 

-243 

-364  - 

Sun  north  of 

1 
1 
1 

equator 

1 
1 

Apr.  to  Sept. 

+  '49 

-i   127  +MO 

+  107  +129  +166 

+  182 

+  '37 

-045 

-235 

-395- 

Sun  south  of 

1 

equator 

1 

Oct.  to  Mar. 

+  168 

+'69+157 

+  151 

-^'55 

•189 

+219+238+134 

-152 

-333- 
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the  rertical  force,  cxprcased  in  parts  of  V. 

decimal  places  in  table]. 


[Local  m 

can  tim 
20k 

c] 

13* 

14* 

is" 

lO 

17* 

i8^ 

19* 

aik 

22^ 

'3       night. 

04 

V. 

-56 

-39 

—24 

—12 

+07 

+  '5 

+  26 

i-26 

4-36 

4-29 

+34    +31 

629 

68 

-61 

-48 

-33 

—16 

-05 

+02 

4-08 

-t-16 

+  18 

+  «8    4-23 

38 

-48 

-38 

-30 

-21 

—14 

—10 

—03 

—02 

+05 

+  11 

4-14    +18 

35 

—44 

-38 

-17 

—II 

-f  02 

-fi4 

+  14 

+  18 

424 

+  21 

+26    4^23 

34 

—47 

-3" 

-13 

-f02 

-fi3 

-4-21 

-|-22 

T   19 

4-16 

+  12 

4-07    4-07 

42 

—34 

-24 

—  II 

404 

:  14 

-r-23 

'-23 

+  16 

^11 

-}-o8 

403    -hoi 

36 

— 22 

-16 

—07 

+01 

-+■05 

-408 

-j-OI 

-r  II 

,08 

-09 

1  07    -f-04 

37 

—23 

—  21 

-13 

—03 

+03 

4-09 

+10 

-u^o6 

+03 

405 

r03    4-05 

40 

—32 

-26 

-17 

—  10 

—04 

-foi 

1 18 

4  11 

4-09 

409 

411    4  10 

45 

—2.^ 

-34 

-35 

-37 

34 

-34 

-30 

— 22 

13 

—04 

+06    4.13 

41 

-35 

-.30 

—27 

28 

-27 

-24 

—  10 

-09 

-04 

+01 

407    -f.13 

36 

—23 

— 22 

—23 

—23 

-23 

-16 

-15 

— 10 

—06 

— OI 

+  03    +08 

38 

-36 

-  38 

-37 

-36 

—32 

18 

-14 

09 

-05 

+01 

4  08   +12 

37 

—34 

35 

-35 

—32 

-25 

-15 

—14 

-09 

—06 

00 

4  05    -(  08 

40 

—45 

-36 

—24 

—  12 

-  02 

-f-13 

-  10 

+07 

4-08 

4-09 

+09   +13 

29 

—3' 

—ii 

28 

-18 

—  II 

-fio 

;  08 

+07 

4-06 

:-o7 

+06   4  07 

30 

—49 

-38 

-26 

-15 

—09 

109 

-14 

+  12 

4   12 

4  14 

+  13    +15 

27 

—39 

-38 

28 

—21 

—  II 

+07 

-.  09 

4-08 

-11 

+  15 

4  16    +17 

37 

^26 

-23 

-18 

— 10 

-06 

+07 

+07 

--07 

*   10 

-t-ii 

+  14    +15: 

36 

-36 

-29 

-18 

—04 

+07 

4-30 

436 

+  36 

+  28 

425 

4- 20    4-I2i 

37 

—55 

-42 

-25 

-07 

^16 

-1-49 

i  54 

+  52 

+44 

4  37 

-  34   +22; 

37 

— 5« 

-36 

—  17 

-f02 

426 

-f48 

+48 

-r42 

38 

4  33 

-1  27    4-21 

22 

-36 

— 22 

—II 

—02 

-06 

4-24 

-f26 

■+-26 

•f  22 

4-18 

+  18   4-14 

29 

—30 

—20 

—  10 

-04 

1  06 

-  19 

+  13 

+  13 

+  >3 

+  «3 

4-11    -hio, 

1 

36 

-383 

-316 

-220 

-141 

—062 

-|-0O2 

+048-1-061 

• 

4-087  4-099  4- 1 16  4- 130 

• 

E 

■  -  - 

04638 

-389- 

-326- 

-232 

-133 

--030 

+  153+165-^159+152 

+  153+151+M0; 

0 

0 

1.  *? 

04633 

-386 

-321 

—226 

-137 

—046  -f  077  -f  106  4- 1 10 

-120 

4-126 

i 

+  '33+135 

04635 

—347- 

-284- 

-189- 

-095  — 004  -f  125  -f  160 +152 

+  139 

4-1404-136-^123 

1 

1 

«^ 
0 

'S 

04636 

— 426 

-35S 

-263- 

-'79 

-088 

+032 

4-052. 

-f-068  4- 100 

1 

i  "3+«3o  1  '46 

1 

04635 

iTM  r  %,  v!Ae?r  i3n  TEL-Dara:  -rs: 


''j^A^-a   >#:;hrp' i0|   i/*m    •r     r..  tniB    ^iv^fi.  -*nif-f    --f-'-'i-    *T   i£Trir. 


:ifif^0\  .'^^^  '*v  •}!*►  1  ••*   '•»ar*  i":^»ai  l^-^i^  "•   -'•^^-     ^i»*  Z  *XLl:irii*i»«ii;fc 

j^T'.*»^  ^  '^4**n  :V»»n  .if*- *.M»«j*r  ^iii— •  -  jUwi*r'  ■•••'  .-^i-.  •  j>n«?fi«Lin»  O 
;iflivt   ^*    • ':  I  i*"  T.  '  'J-    »' » '▼-*•*  -^T-  'J*-  ♦^  rn.   » r  'lit-  -  i.":i  ":♦  i  a  v  i.f •  a  K7i7«ttmHi 

♦-/"^TUi  v'-*^  5»»ir  *nit  '"vn**^  cuu:'  :-»-.iJ*:  :.i»*7  ir«  ;>si7'"-^  itrariy.  ?«KtIy 
v-^^Nnrlv:  'Mil?  'ii^  .4*rr«^  -ir*^  jr"-^  i«*:.    Tli*^'^k:si_i.r^'a  ^^me^  •?»«»- 

V*-* -I  •/'•n*  *>*  '.**  IT*'-*/,  n-.*  *.A.;  n  i  .u-t  t;^-!***.-^  -  .  V  _jL'>r'a.4.i;^t  ••'  -u**  "  i-fc"  :!•**. i^-* 
9'0^0    .A*   ^^^f^J^^if  ..x'^r  tv*'^'. :  ti..*  -ihi  3u*  vi  &   !lii»i^r  -t-i-u  i^Tiiia  •«:'  ij«*  r««:»>c«l 

-•  v*w>^^  ''.^  *iv<^«i*^  '.-^f-w^r    ♦•:''#r.s«  '*7  477-  A.  I/.  fU-hf*    Ail  ::i  ^i    -.  2-  t  k*  *;4h.>T<«i  by 

,A  *#w^  ^  //>-(*  4nf /*. ;  Ji'*^^t»  f/^^  'wt^  je*r»  I"5*-'«3i»/~''r-:-\I^-4.     la  t. L-^ai*  ii.  p.  1818, 

tt^UffNfj**^^  M  *,?»//'» '*/!  *t  t^t^  V/:r/^m  ''/f  tL*  :•!»!:*-*  o:  «iiAzr&3:^  vbicb  exhibit 
fM  ^V»*^af>«  '/f  U»^  T*Tt.tA*i  f'^/-^  ff'iwi  J»nnAr>.  IML  ;»•  «ii*  <i'ji!«-  •>!*  she  ieri««.  for 
fftf*^h  «*!^  fMhtf^.  if  -iffiuUA  ;ri  )"!.>  :  f'irr.h»'T.  tii*- «:  *^irc«  iLecs^lv**  <hov  tbe 
f//f^A  f//  (f«  tt^M  »U  m^/tmmm  2i^K/at  ri'Kf.'i,    In  *.olncut>  ixi.  p.  31:>.  ve  a:r^n  meet  the 

^A  ^)>A#^4MM  /ff  f//f' *  ;  *f»/|  fb^,  th^rn'^AifU  m  in  arz-or'!  wrh  'hr  n-cord.  Now  it  would 
njt^&Hf  Oi*f  f>i'<i*'  niftfUt^tXm  in  th^  oriirinal  rwrord  arr  the  rfTtrr**-  of  what  the j 
«>f/r'f|/f  (r^-,  •thtt-  Htr^rni  n*ptru  W9i  orj((ht  Vf  hAVf  tli»-  Aiiinll»-r  valu»^.  1.  «.,  the  minimiim 
Hff/I  ftoi  tU^,  utMxiiuniu  for''#;  HhouM  !**•  iri<iicat'-d.  Thi?»  n-ver^al  >»y  ioadverteoce, 
tlt^i  ttol  tntlhM  hhitnt\t'.  'tUf)f  on  th#;  ;itt«:ntion  of  thf-  coiu|»ut*fr  at  this  early  date, 
ii'h^o  hxf/fly  mirft'-  iUnu  t%  n'i%tv_\f.  *itatioM  *:%\aU-A  with  which  to  compare  rpsnltB, 
Mf't  riori  HititttS  of  iUi'  varUt ion^  (l«*diic«'d  for  I'hilad«*lphia  aD«l  Toronto  being 
n^t  tih*'*\  Ut  MM'ir  tWftftt'Ui  ((<vf;(ra|»hir'al  ponitiouH. 

Wifli  Mi*«  •iKiii  r<5V<rr«M?«l  w#?  ohUiin  a  j^ootl  corri'HpoD<Ieiice  resj»ecting  the  prev- 
MUfM'K  of  M  w^fik^r  vfTtiral  for^i;  alioijt  thf;  time  of  midday  than  the  average  force 
Miioif(^lMfiifc  Mm'  tw«^fity  four  liotirfi;  thin  hohln  for  Philadelphia,  T(»roiito,  Dublin, 
WiHliliiKf^ffi,  \f*m  Suv,tAt^f*f  and  othor  phicftR.  Tho  n-qiiired  change  of  sign  also  aflTectM 
ffioff- Of  |i<M  lint  ri'diM'lioim.aiid  concluNionH  presented  in  the  Coast  Survey  Report 
Ui\  \^\''S,  appfWidUwm  Ml  and  2<>,  and  lt4)port  for  Oi^Xf  appendices  16,  17,  and  18. 
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DiuLrnat  Variatinn  of  the  Vertical  Component 

ofOit  mxigrhttLc  force  alLos  Angeles,  CaZ. 

1883  -  288^. 
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Comparative  table  of  the  ttolardiurnal  variation  of  the  verti<^al  compomnt 

of  the  ituu/netie  force. 

8V 

ValucBof  y-  =  0000  (with  4th,  5th,  and  6th  decimal  places  In  ta^Ie  below). 


»          #k 

^ 

^ 

» 

.0 

0 

S"' 

o<2 

e" 

JStO 

Hour. 

mm,     t* 
kj 

22 

0 

.5  <> 

-Sol 

1" 

Midnight 

+  135 

— 019 

4-007 

+287 

I 

-fi58 

—044 

— 010 

-•_. 

2 

-^148 

-054 

— 024 

+  HS 

3 

+  133 

— 050 

— 024 

-  >  — « 

4 

4-129 

—048 

—014 

+131 

5 

4.142 

—030 

4-007 

tf 

6 

4177 

—012 

4028 

4068 

7 

-f-200 

— 014 

-028 

^  ■■  «»M 

8 

4-187 

— 029 

4-017 

-129 

9 

4-044 

-065 

— 021 

.... 

10 

—243 

— OQI 

—078 

-257 

11 

—3^4 

—087 

—131 

Noon 

— 402 

-055 

— »3i 

-366 

13 

-386 

—013 

— 072 

—  —  »• 

14 

—321 

4-040 

--028 

-377 

15 

— 226 

4-076 

4-024 

—  •»■*« 

16 

-137 

4091 

4-059 

-16S 

17 

-046 

-f  100 

4-069 

18 

+077 

4-092 

-f-066 

+121 

19 

4-106 

4-084 

4-055 

»  «•  «  9 

20 

-1  no 

4-067 

-fo53 

4  282 

21 

4-120 

4-048 

4-052 

-•»  »» 

22 

4-126 

4-028 

4-045 

4-290 

23 

4-133 

4-005 

4-028 

-•*•>» 

Midnight 

+  135 

— 019 

4-007 

4-287      ^ 

V 

0-4635 

0-6201 

05798 

0-5912  of  a  dyne. 

0 

590  30^2 

75»  15^1 

71®  05^-2 

71" 58^7 

N.  B. — At  Washington  the  observations  were  made  eight  minntes  earlier  and  at 
Philadelphia  twenty-one  minutes  later  than  the  hour  indicated  in  the  table. 

A  4-  sign  to  a  tabular  number  indicates  excess,  a  —  sign  defect  of  intensity  as 
compared  with  the  average  value. 
Diurnal  range  at — 
Los  Angeles,        0000 560  in  parts  of  V. 
Toronto,  191 

Washington,  200 

Philadelphia,  667 

As  partly  explaining  the  Relatively  large  amplitude  at  Los  Angeles,  it  should  be 
remembered  that  the  epoch  of  observation  at  that  place  coincides  with  a  sun-spot 
maximum  (in  1883),  whereas  at  Toronto  it  coincides  with  a  sun-spot  minimum  (in 
1843),  and  the  same  holds  for  Washington  with  minimum  in  1889;  yet  Ave  find 
Philadelphia,  to  be  an  exception,  viz,  a  large  amplitude  though  the  sun-spot  min- 
imum occurred  in  1843.* 

The  diurnal  variation  is  shown  graphically  on  the  accompanying  illustration, 
No.  28. 

*  PoMibly  the  very  heavy  magiiet  employed  at  Girard  College,  Philadelphia,  may  ftimish  a  clew  to 
the  large  amplitude  due  to  it^  iuertia.  The  dimeasious  were:  length,  2  feet  1  iucli;  width,  2  inches; 
thii'kneBB,  ^  iuoh.  The  raaguet  at  L08  Angeleii  wa«  hut  5*4  incliea  in  length,  0-8  hruad,  and  0*1  thick. 
The  Washington  and  Toronto  magnet«  also  were  amall. 
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THE    DIURNAL   VARIATION    OP   THE   INCLINATION    AND    TOTAL 

FORCE. 

By  a  combination  of  the  variations  of  the  hori7X)nta1  and  vertical 
compoDents  of  the  magnetic  force  at  Lo8  Angeles  for  variations  in  the 
incliuation  and  total  force,  we  have  the  relations 


rf^=8in  »  cos  6^ 


-p  =  sm*  6  -y  +  cos*  0  g 

From  part  ill  of  the  discussion  of  the  observations  at  Los  Angeles 

in  Coast  and  Geodetic  Survey  Re^wrt  for  1891,  Part  II,  Appendix 

No.  4,  pp.  .68  to  73,  we  can  get  the  values  of  SH  in  scale  divisions,  hence 

rfH 
also  the  values  -w- ,  excepting  for  November,  1882,  which  had  to  be 

taken  from  the  MS.  computation.  All  disturbances  are  included,  ex- 
cept for  November,  1882,  when  the  disturbances  were  so  excessive  as 
almost  to  obliterate  the  regular  diurnal  variation. 
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Diunial  variation  of  the  horizontal  component  of  the  magnetic  intensity 

yovember^  iSS^^, 

['ooo  with  fourth  and  fifth  decimal  places  in  table. 


Year  and 
month. 

I* 

a^ 

3* 

4^ 

5^ 

6^ 

7k          8* 

9* 

lo*        1 

11* 

Noon. 

1882. 

Nov. 

-109 

-fi3 

+07 

4-14 

4-27 

4-24 

-f20    —14 

—22 

-56- 

57 

-58 

Dec. 

—01 

4-02 

-fi3 

4-14 

-h2I 

426 

4-39    4-43 

4-35 

4-02  — 

39 

-52 

1883. 

Jan. 

i  10 

4-09 

+  17 

-f-24 

4-26 

r34 

4-37    426 

-fi3 

—  29  — 

72 

-63 

Feb. 

+  17 

f  15 

-f24 

4-3> 

4-37 

-r45 

4-50   4-38 

-r27 

—  10  — 

20 

—23 

Mar. 

-i-07 

4-14 

-f2l 

4-27 

4-29 

4-29 

-ri6    -r07 

—04 

-08  — 

'9 

—27 

Apr. 

-1-37 

-r3i 

4-25 

-f  31 

4-27 

4  26 

4-22    — 02 

26 

39 

39 

—33 

May. 

H-H 

-ri2 

4-12 

4-1 1 

4-19 

-1-22 

4-11    —19 

— 20 

—07  — 

03 

4-10 

June. 

+20 

-f32 

-i-15 

4-21 

4-21 

-1  19 

-03    —25 

—26 

00 -f- 

20 

4-25 

July. 

-f-26 

-!23 

-t- 19 

*  23 

4-27 

4-33 

4-17    4-01 

—14 

054-  03 

4-08 

Aug. 

4-16 

-^25 

4-24 

-f-24 

4-22 

-r26 

— 01    —40 

-39 

-  25  - 

21 

—16 

Sept. 

-}-20 

-f-22 

4-22 

4-34 

-•  27 

4-37 

4.04    -32 

-43 

-39- 

38 

—27 

Oct. 

4-22 

■r27 

4-37 

4-39 

-r37 

t29 

4-05    -39 

-52 

-54- 

52 

—45 

Nov. 

-fos 

f  13 

+20 

4-38 

4-40 

4  34 

4-3'    4-07 

—19 

—41  — 

46 

—28 

Dec. 

+01 

-ro8 

+20 

--[-22 

4-33 

4-41 

-f44    4-3' 

4-09 

—33- 

63 

—66 

1884. 

Jan. 

-fo8 

+23 

4-27 

-^24 

4-35 

4-38 

4-40    4-31 

—02 

-57- 

104 

-95 

Feb. 

4-08 

4-12 

4-22 

4-28 

4-32 

4-37 

4-49    -r6o 

4-54 

-h28- 

16 

-54 

Mar. 

4-17 

4-34 

4-34 

-!-39 

4-34 

4-37 

4-27    —02 

-35 

39 

41 

—43 

Apr. 

+  19 

4-20 

4-32 

-^-34 

4-31 

-h37 

4-08   —08 

—16 

-15  — 

35 

-36 

May. 

+  12 

+  13 

+07 

-i-05 

4-14 

-U14 

— 01    —15 

—04 

4-114- 

08 

4-05 

June. 

—01 

+11 

4-07 

4-13 

4-15 

4-22 

4-08       00 

4-01 

4-134- 

10 

4-20 

July. 

-f-04 

+  14 

4-13 

4-17 

4-24 

-t-24 

4-07    -21 

—16 

00  4- 

16 

4-27 

Aug.      * 

+28 

4-21 

4  27 

4-29 

4-27 

4-23 

—05    —34 

-25 

—24  — 

24 

—'3 

Sept. 

-f2I 

+17 

4-28 

4-33 

-r3S 

4-25 

—03        35 

—44 

—40- 

26 

—13 

Oct. 

-+-13 

4-22 

4-26 

-h33 

4-34 

4-29 

-|-20    — 09 

-25 

—29- 

23 

-17 

Average, 

first  year. 

4-16-4 -f-i8-8  I- 1 97 4-24-4-1- 267 +29-2 

54-18-1—04-7 

—14-2 

—22-5— 

-28-1 

—25-1 

Average, 

second  year. 

4-irj 

i+iri 

;  f2r94-26'24- 29-54- 30-1 

[4-18-74-00-4 

—  lo-i 

i8-8 

-28-7 

—26-1 

Mean   of  2 

years. 

+  I3'8-^-'8J 

4-20-84-25-: 

54-28-1 

4-29-64-18-4— 02- 1 

-   12-2 

—207- 

284 

-256 

Apr.  to  Sept., 

inclusive. 

0  north  of 

e<}uator. 

4-180  f  201 

14-19-^ 

54-22-94-24- 1 

4-25-7  ^-05-3-19-2 

-227 

-14-2- 

IO-8 

-036 

Oct.  to  Mar., 

inclus  i  V  e . 

0  south  of 

equator. 

4-09-3 

'  fi6c 

)  4-22-34-2774-32- 1 

• 

4-33-^ 

>i-3i-5-|-i4'9 

-01-8 

—27-2— 

-460—47-6 
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Hi  Los  Angeles,  CaL^from  ttco  years  of  observation.    Valties  of  ^^  from 
to  October,  188L 

>  ZI  when  ^  ?  than  daily  average.] 


«3^ 

14" 

15» 

iC" 

«7* 

x2> 

19^ 

ao^ 

21^ 

aa^ 

>3* 

Mid- 
night. 

-52 

-37 

—  17 

-I- 02 

4-32 

+39 

-1-12 

+  36 

4-26 

+  14 

00 

+31 

—49 

-24 

—08 

—01 

4-09 

-\-02 

— 02 

—  19 

—  12 

-03 

-OS 

4-04 

-46 

—10 

-f04 

4-09 

+04 

4-09 

4-10 

-f-02 

-04 

—04 

4-os 

4-02 

—37 

28 

-17 

28 

—27 

-21 

-25 

—22 

—  17 

-15 

4-04 

4-01 

—29 

->3 

-03 

-fo8 

-l-oi 

16 

—'3 

—  22 

— 12 

-04 

—02 

4-13 

—28 

—34 

-15 

-07 

— »S 

—  17 

—13 

4-02 

4-M 

4-11 

4-17 

fi9 

4-II 

H-I2 

4-03 

09 

—21 

28 

—21 

16 

—  14 

—02 

— 01 

4-19 

-I-13 

rl2 

4-01 

-35 

-46 

—34 

-36 

—13 

—  10 

4-09 

4-II 

-fii 

-).09 

4-05 

—21 

—21 

—34 

28 

-25 

—24 

16 

—07 

4-02 

4-02 

—  13 

-OS 

—03 

—01 

-15 

—08 

—07 

4-04 

4-10 

4-08 

+16 

4-20 

—09 

r05 

+  19 

-fi5 

+01 

-05 

4-04 

+04 

—08 

-16 

00 

4-02 

—  17 

—04 

—07 

00 

—04 

-T-04 

4-II 

^Io 

+  15 

4-12 

4-09 

4-21 

->3 

—04 

— <^i 

—09 

-03 

•03 

-08 

—09 

-09 

—03 

4-03 

—04 

43 

— 21 

—02 

4-05 

-fio 

4-08 

4-os 

4-02 

00 

00 

-OS 

^03 

64 

28 

-1-05 

4-20 

-f  15 

416 

+  17 

-f-15 

4-oS 

4-07 

4-08 

4-14 

-  59 

-56 

—41 

—24 

-19 

-05 

—04 

—10 

—21 

—17 

—12 

—02 

-34 

—  II 

-roi 

-01 

-07 

—19 

-14 

-05 

-07 

fo8 

4-04 

+  '3 

-23 

-II 

— 01 

-05 

—  21 

—22 

-»5 

—II 

-Los 

-i-08 

4-03 

413 

l-ii 

!    14 

-05 

—  16 

-29 

-27 

—21 

-13 

—03 

—02 

-fo8 

4-13 

-f2I 

-+I5 

— 01 

—20 

-33 

—3i 

—21 

-19 

—  12 

-07 
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Diurnal   rariation   of   the  inclinatioH   and  of  the  total  force 

at  Las  Angeles.  CaL 

\Vc  have  for  the  first  year  0  =  59®  3c/-8  and  for  the  second  year  ^  :  -  59°  29'-6. 
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It  is  evident  from  a  perusal  of  the  above  table  that  a  niiicli  greater 
number  of  stations  and  longer  series  will  be  ueede<l  before  we  can  be 
justified  in  attempting  any  generalization  for  North  America  respecting 
the  diurnal  variations  of  the  dip  and  of  the  total  force. 

Disturbances  of  the  vertical  component  of  the  force. — The  great  mag- 
netic storm*  of  November  17  to  20,  1882,  falls  within  the  limits  of  the 
better  part  of  the  vertical-force  record  and  demands  attention  in  order 
to  complete  our  information  of  it  as  well  as  of  the  magnitude  of  the 
disturbances  in  the  dip  and  in  total  magnetic  force.  The  storm  com- 
menced suddenly  a  short  time  before  2^  o'clock  a.  m.,  November  17,  and 
continued  until  about  7  o'clock  p.  m.,  November  20,  thus  lasting  three 
days  and  sixteen  and  one-half  hours.  The  agitation  of  the  magnets  was 
continuous  during  this  time,  but  on  each  day  it  api>arently  abated 
somewhat  in  violence  between  the  hours  of  10  a.  m.  and  4  p.  m.  The 
storm  set  in  according  to  the  declination  trace  at  2''  25'",  north  end  of 
magnet  deflected  to  the  west;  amount,  40';  according  to  the  horizontal- 
force  trace  at  2**  2(>™,  force  increasing,  26  divisions  (or  0-00280  H)  -f 
an  unknown  distance,  through  the  failing  of  the  trace;  according  to  the 
vertical-force  trace  at  2'^  26"',  force  increasing^  12  divisions,  or  0*00205 
parts  of  V.  The  extreme  position  of  each  magnet  was  reached  before 
3^*,  alter  which  the  direction  of  the  disturbance  was  reversed.  During 
this  time  the  dip  was  certainly  afiFected  as  much  as  1'  S"  (less  than  the 
normal);  how  much  more  is  not  known  for  want  of  the  horizontal-force 
trace.  The  total  force  had  increased  by  000224  F.  and  beyond.  The 
disturbance  was  probably  at  its  height  November  17,  between  18**  and 
20^',  when  the  horizontal  force  was  below^  and  the  vertical  force  above 
their  normal  values,  while  the  north  end  of  the  declination  magnet  was 
deflected  to  the  east. 

This  remarkable  storm  was  accompanied  by  powerful  and  sympa- 
thetic (in  time  and  energy)  earth  currents,  which  interfered  with  or 
interrupted  telegraphic  communication  f  besides,  there  was  on  the  even- 
ing and  night  of  November  17  an  auroral  display  of  unusual  magnifi- 
cence. On  the  same  day  there  was  visible  to  the  (protected)  nakexl 
eye  an  enormous  sunspot,t  which  at  the  time  of  the  first  outbreak  of 
the  magnetic  disturbance  was  yet  to  the  east  of  the  solar  central  merid- 
ian. As  at  Los  Angeles,  the  outbreak  of  the  storm  was  sudden  at 
Greenwichf  and  happened  at  November  16,22''  15'"  G.  M.  T.,  or  at 
November  17,  10^  15°»  a.  m.;  subtracting  the  diflerence  of  longitude,  7*» 

*  See  iUnstration  No.  29,  which  is  a  copy  of  the  photogniphic  traces  of  Novemher 
17, 18, 19,  and  20,  1882,  but  reduced  (the  same  as  the  corresponding  plate  showing  the 
disturbances  in  the  horizontal  force,  part  iii)  by  photography  in  the  proportion  of  44 
to  35-2. 

1 194  seconds  of  arc  in  length  and  134  seconds  of  arc  in  breadth ;  this  spot  is  said  to 
have  been  the  largest  yet  photographed  at  Greenwich;  it  was  near  the  central  solar 
meridian  on  November  18.     In  connection  with  this  it  may  be  noted  that  the  year 
1883  was  one  of  maximum  spot  production. 
^^  X  Nature^  vol.  xxvii,  p.  82  and  fol. 
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DisturhanceH  of  the  tertieal  component  of  the  magnetic  intensity 

at  Los  Angeles. 

53'",  we  have  the  correRpoiiding:  Los  Angeles  time,  2*»  22"™,  which  is  but 
311.  QY  4m  earlier  than  the  time  recorded  on  the  Los  Angeles  traces. 

A  magnetic  storm  of  but  slightly  less  intensity  occurred  on  June  24  and 
2o,  1885.  It  was  characterized  by  two  sudden  outbreaks  about  5^  hours 
apart  on  June  24.  Photographic  traces  of  this  remarkable  storm  were 
obtained  at  seventeen  different  observatories  situated  in  Forth  America, 
Europe,  Asia,  and  Australia.*  According  to  the  Los  Angeles  traees^ 
the  outbreaks  occurred  as  follows: 


First  impulse  (about  2^^  p.  m.).  Second  impulse  (about  7}^  p.  m.). 

Declination  trace  14  30,  deflection  west. 

Horizontal-force  trace    14  35,  increasing  force. 
Vertical-force  trace         14  35,  decreasing  force. 


19  45,  deflection  west. 
19  45,  increasing  force. 
19  50,  decreasing  force. 


The  character  of  the  disturbances  at  these  epochs  was  the  same,  but 
the  secjond  one  was  the  more  intense  .of  the  two.  I  have  appended  the 
hourly  trace  readings  of  the  vertical  fonje  (corrected  as  well  as  could 
be  done  for  changes  of  temperature  and  reduced  to  100  for  the  mean  of 
the  day)  for  the  four  days,  June  23,  24,  25,  26, 1885. 

The  uncertainty  in  the  measure  of  the  times  for  the  above  two  storms 
I  estimate  at  about  two  minutes. 

•  Nature,  July  9, 1881,  p.  237. 
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DIFFERENTIAL   MEASURES   OF   THE   VERTICAL  COMPONENT  Of 

Hourly  trace  reaHings  of  vertical-force  magnetometer  fron 

ences  of  temperature  atu 

[Tabular  values  within  brackets  are  interpolated,  they  follow  in  general  the  law  of  diurnal  variatioi 

perfection  in  the  monthly  meani 

NOVEMBER,  1882. 


[Increasinnf  scale  readings  correspond  to  increasing  force 
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THE  MAGNETIC  INTENSITY  OBSERVED  AT  LOS  ANGELES,  CAL. 

November  i,  1883,  to  October  31^  1884.    Corrected  for  differ- 
for  shift  of  zero  of  scale, 

and  any  then  appMircnt  progressive  change ;  they  were  introduced  in  order  to  prevent  any  abrupt  Im- 
no  further  use  is  to  be  made  of  them.] 

NOVEMBER,  1882. 

Value  of  I  division  of  scale  '000  171  in  parts  of  V.] 
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104 

104 

«o3 

«o3 

103 

103 

103 

104 

104 

104 

104-5 

98 

92 
92 

96 

97 

100 

97 
102 

105 

97 

95 
90 

92 

92 

94 

96 

95 
100 

105 

109 


99 

93 

95 
98 

97 

100 

99 
105 

104 
99 

97 

91 

91 
92 

91 

98 

95 
102 

105 

109 


100 

93 

94 

99 
100 

103 
104 
107 
103 
100 

99 
92 

91 
92 

96 

99 
96 

103 
106 

109 


99 

95 
96 

98 

100 

103 
106 

108 

102 

lOI 

99 
92 
91 

93 
96 

99 

97 

103 
107 

no 


99 
96 

96 

98 

lOI 

J03 
"4 
108 

107 

lOI 

98 
92 
92 

94 
96 

99 
98 

103 

107 

no 


100 
96 

97 

99 

102 

102 
108 
108 
107 
100 

98 

92 
92 

94 
98 

100 
98 
103 
107 
no 


100 

95 

97 
100 

102 

103 
n6 
107 
109 
100 

98 

93 
92 

95 
99 

100 
98 

103 
108 
no 


98 

97 
98 

100 

102 

103 
109 
107 

105 
100 

97 

93 

93 

95 
98 


99 
97 
98 

100 
102 

103 
109 

107 

108 

99 

98 

93 

93 
96 

99 


97 

99 
98 

lOI 

102 

102 
107 
107 
108 

99 

98 

93 

93 
96 

99 


too  100   too 

98  99   99 

[io3l  [103]  [103J 

108  107   108 

in  n2   in 


loo-o 

95-8 
94-6 

98-3 
993 


95 'O  96-0  96*9  97 -6  987  99*2  99-8  99'8  100*4  1000  100*3  'oo-i 
— 3*3  — 2*3  — 1*4  — o*7  4-o*4  -|-o*9  +^*5  +i*5  +2*1  4-1*7  -|-2*o  -f-i-8 


^^ 
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U.   S,   COAST   AND   GEODETIC   SURVEY. 


DECEMBER,  1882. 


[Increasing;  scale  readinjj^s  correspond  to  increasing  force. 
Local  mean  time. 


Day  of 
month. 

I* 

ak 

3* 

4* 

5* 

^ 

7* 

8^ 

9* 

IO» 

Ilk 

Noon. 

I 

too 

100 

lOI 

lOI 

102 

lOI 

102 

102 

lOI 

100 

98 

98 

2 

102 

102 

102 

lOI 

lOI 

101 

lOI 

101 

100 

96 

93 

92 

3 

99 

99 

99 

100 

99 

99 

99 

100 

100 

99 

96 

95 

4 

lOI 

[102] [102] [103]  [103]  [104]  [104]  [105]  [106] 

106 

104 

>03 

5 

112 

112 

112 

112 

III 

III 

no 

1 10 

109 

103 

lOI 

99 

6 

109 

109 

108 

108 

108 

107 

107 

107 

106 

96 

95 

94 

7 

lOI 

too 

100 

lOI 

lOI 

lOI 

lOI 

100 

100 

96 

95 

95 

8 

lOI 

100 

100 

too 

lOI 

100 

lOI 

100 

100 

99 

99 

95 

9 

100 

100 

too 

100 

100 

100 

99 

99 

99 

98 

98 

97 

10 

lOI 

102 

lOI 

lOI 

lOI 

lOI 

lOI 

100 

100 

97 

95 

95 

II 

99 

99 

99 

100 

100 

99 

100 

100 

99 

98 

97 

95 

12 

99 

99 

99 

98 

98 

98 

98 

98 

98 

98 

97 

97 

13 

101 

lOI 

lOI 

lOI 

100 

99 

99 

99 

99 

98 

96 

95 

14 

100 

100 

99 

99 

99 

99 

98 

•  99 

99 

97 

95 

93 

"5 

lOI 

102 

102 

102 

lOI 

100 

100 

100 

99 

96 

94 

93 

16 

102 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

lOI 

102 

100 

99 

17 

109 

108 

108 

107 

108 

107 

106 

106 

105 

99 

98 

97 

18 

103 

103 

«03 

102 

102 

102 

102 

>03 

102 

96 

95 

95 

X   19 

100 

100 

100 

too 

101 

lOI 

lOI 

101 

100 

98 

96 

95 

20 

99 

99 

99 

99 

99 

100 

99 

100 

99 

97 

95 

95 

21 

102 

100 

100 

too 

lOI 

102 

103 

103 

103 

100 

98 

98 

22 

lOI 

102 

102 

102 

^02 

103 

102 

103 

>o3 

102 

101 

100 

23 

'03 

>o3 

104 

103 

103 

103 

104 

104 

103 

95 

93 

93 

24 

99 

99 

99 

99 

99 

99 

99 

99 

98 

95 

93 

93 

25 

99 

100 

100 

100 

100 

100 

lOI 

lOI 

100 

98 

96 

96 

26 

lOI 

lOI 

lOI 

lOI 

102 

103 

102 

103 

102 

97 

96 

95 

27 

99 

99 

99 

99 

99 

98 

98 

99 

98 

94 

93 

93 

28 

98 

99 

9^ 

99 

99 

[991 

[98] 

[98] 

198] 

98 

96 

95 

29 

too 

too 

100 

too 

100 

99 

99 

99 

99 

97 

96 

95 

30 

lOI 

102 

102 

102 

102 

102 

lOI 

lOI 

lOI 

99 

98 

97 

31 

100 

lOI 

lOI 

too 

lOI 

lOI 

100 

100 

100 

98 

96 

96 

Means 

101-4 

101-4 

101-4 

IOI-3 

101-4 

IOI-3 

101-2 

101-4 

100-9 

981 

96-5 

957 

Diurnal  va- 

riation 

-|-20 

+  2-0 

-1-2*0 

-|-I-9  -f  2'0 

-I-I-9 

4-1-8 

-f2-0 

-fi-5 

— >-3 

— 2*9 

—37 
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DECKMF^ER,  1882. 


Value  of  1  division  of  scale,  '000165  in  parts  of  V.] 

Local  mean  Hme. 


X3* 

u" 

15" 

16" 

17^ 

i8k 

19" 

20" 

aik 

aa* 

aj* 

Mid- 
night. 

Daily 
means. 

98 

98 

99 

98 

100 

lOI 

lOI 

lOI 

102 

102 

102 

102 

1004 

92 

94 

95 

96 

97 

97 

98 

99 

99 

99 

98 

99 

981 

95 

95 

96 

97 

98 

99 

99 

100 

100 

99 

99 

100 

984 

104 

104 

106 

107 

no 

no 

ni 

ni 

in 

ni 

III 

III 

[106-3] 

100 

102 

105 

107 

no 

no 

no 

ni 

ni 

ni 

no 

109 

1083 

94 

95 

97 

99 

lOI 

lOI 

102 

lOI 

lOI 

lOI 

100 

100 

101-9 

93 

94 

95 

95 

97 

98 

100 

100 

100 

99 

too 

101 

985 

95 

95 

96 

96 

97 

98 

98 

99 

99 

99 

100 

100 

987 

97 

97 

97 

98 

99 

99 

99 

100 

100 

100 

100 

100 

990 

95 

95 

95 

96 

97 

97 

98 

98 

99 

99 

99 

99 

984 

95 

95 

95 

94 

95 

95 

96 

96 

97 

97 

97 

98 

* 

97*3 

96 

96 

96 

96 

98 

98 

99 

99 

99 

99 

100 

100 

980 

94 

95 

96 

98 

98 

99 

99 

100 

100 

100 

100 

lOI 

987 

94 

95 

96 

97 

98 

99 

99 

100 

lOI 

lOI 

lOI 

lOI 

983 

92 

95 

96 

100 

99 

100 

lOI 

102 

102 

'03 

103 

104 

99*5 

100 

102 

103 

105 

105 

106 

106 

106 

106 

106 

107 

107 

1030 

96 

98 

99 

100 

lOI 

102 

lOI 

lOI 

102 

102 

102 

103 

1027 

95 

95 

97 

97 

99 

99 

99 

98 

99 

102 

99 

99 

994 

94 

94 

96 

97 

99 

99 

99 

99 

99 

99 

99 

99 

986 

94 

93 

93 

95 

96 

100 

lOI 

lOI 

102 

lOI 

102 

lOI 

983 

98 

97 

98 

97 

98 

99 

99 

100 

lOI 

100 

lOI 

lOl 

loo-o 

98 

99 

100 

100 

lOI 

lOI 

lOI 

102 

102 

102 

102 

103 

1014 

93 

93 

93 

94 

94 

96 

96 

97 

97 

98 

98 

98 

983 

92 

93 

92 

94 

94 

95 

96 

96 

97 

98 

98 

98 

964 

94 

94 

94 

95 

94 

96 

96 

97 

98 

99 

99 

99 

97-8 

93 

92 

92 

95 

95 

94 

95 

95 

96 

97 

97 

97 

97-6 

93 

92 

92 

94 

94 

94 

95 

96 

97 

97 

98 

97 

96-1 

95 

95 

96 

97 

97 

97 

97 

97 

97 

98 

98 

99 

[97-5] 

95 

94 

94 

94 

95 

97 

96 

98 

98 

100 

99 

100 

977 

96 

96 

96 

96 

97 

98 

98 

100 

100 

100 

100 

100 

994 

95 

96 

96 

96 

97 

98 

98 

98 

99 

98 

98 

99 

984 

95*3 

957 

965 

97  4 

984 

991 

995 

99.9 

100-4 

IOO-5 

loo-s- 

IOO-8 

994 

—4-1 

-37 

— 2*9 

— 2*0 

— i-o 

-<>-3 

-f-o-i 

-I-0-5 

-f  i-o 

-fii 

-l-ii 

+1-4 

iS£ 


i^bki 


284 


U.   8.   COAST  AND   GEODETIC   SURVEY. 


JANUARY,  1883. 

[Increasing  scale  reading^  corres;>ond  to  increasing  force. 


Local  mean  time. 

Day  of 
month. 

ik 

a* 

3^ 

4^ 

5' 

6^ 

7* 

8* 

9* 

10* 

XI* 

Noon. 

I 

98 

98 

98 

98 

97 

97 

97 

97 

97 

99 

98 

96 

2 

101 

102 

102 

102 

102 

102 

102 

102 

102 

lOI 

100 

99 

3 

lOl 

100 

lOI 

lOI 

102 

102 

102 

102 

102 

100 

98 

96 

4 

lOI 

lOI 

lOI 

102 

.  104 

102 

102 

103 

103 

lOI 

100 

98 

5 

103 

103 

103 

103 

103 

103 

103 

104 

104 

100 

98 

97 

6 

103 

103 

102 

102 

102 

102 

102 

102 

102 

100 

99 

97 

7 

102 

lOI 

lOI 

101 

102 

lOI 

102 

102 

103 

100 

97 

97 

8 

99 

99 

99 

99 

99 

lOI 

lOI 

lOI 

100 

99 

98 

98 

9 

103 

102 

102 

102 

102 

102 

103 

103 

«03 

lOI 

99 

98 

10 

1 

102 

lOI 

lOI 

lOI 

lOI 

102 

102 

lOI 

lOl 

97 

95 

95 

II 

99 

99 

99 

99 

99 

100 

lOI 

lOI 

100 

96 

94 

93 

12 

1 

99 

99 

99 

99 

99 

99 

99 

100 

98 

96 

95 

95 

13 

100 

99 

99 

99 

99 

99 

99 

98 

98 

96 

95 

94 

14 

100 

lOI 

lOI 

lOI 

lOI 

101 

102 

102 

102 

97 

95 

94 

"5 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

97 

96 

16 

[I03][I04][I04]  [104]  [107]  [105]  [106]  [105] 

los 

105 

102 

lOI 

17 

102 

lOI 

102 

lOI 

102 

102 

103 

102 

102 

103 

100 

97 

iS 

105 

104 

104 

104 

104 

105 

105 

106 

I  OS 

'03 

100 

99 

«9 

104 

104 

104 

104 

104 

104 

104 

105 

los 

106 

'03 

102 

20 

108 

109 

109 

109 

109 

110 

III 

III 

"3 

[III] 

no 

105 

21 

107 

106 

106 

107 

107 

105 

106 

106 

106 

lOI 

98 

97 

22 

99 

99 

98 

99 

98 

99 

98 

98 

98 

97 

95 

94 

23 

104 

104 

104 

103 

«03 

103 

'03 

»o3 

104 

104 

102 

102 

24 

[iio][iio][i09][io7]  [107]  [107]  [107]  [107]  [107] 

106 

<03 

104 

25 

'  107 

106 

107 

104 

105 

104 

105 

105 

105 

102 

99 

98 

26 

104 

104 

los 

103 

103 

102 

102 

lOI 

102 

97 

95 

95 

27 

100 

100 

100 

99 

98 

98 

98 

98 

q8 

95 

92 

91 

28 

97 

96 

96 

96 

96 

96 

96 

96 

95 

100 

100 

98 

29 

103 

102 

102 

102 

102 

lOI 

102 

lOI 

101 

lOI 

100 

99 

30 

103 

103 

103 

103 

103 

102 

102 

lOI 

102 

lOI 

100 

98 

31 

[103] [102]  [102]  [loi]  [loi]  [loi]  [loi]  [100]  [100] 

lOI 

too 

99 

I 
Means 

• 

I02-2  I02-0  1020  IOI7 

101*9 

IOI-8 

1021 

I02-0 

1020 

100-5 

98-6 

975 

Diurnal  va- 

riation 

-fi-6 

-fi-4-hi-4+ri 

+  1*3 

-i-I-2 

-ri-5 

-fi-4 

-hi-4 

--Of 

— 2'0 

—31 
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JANUARY,  1883. 


Value  of  I  division  of  scale  "ooo  159  in  parts  of  V.] 


Local  mean  time. 


13* 

14" 

,5- 

i6'» 

17^ 

i8» 

19" 

ao» 

«zk 

aa** 

«3^ 

Mid- 
nif^ht. 

Daily 
means. 

97 

98 

99 

99 

100 

100 

100 

lOI 

100 

100 

lOI 

100 

d. 
985 

99 

99 

100 

100 

101 

lOI 

100 

lOI 

lOI 

lOI 

lOI 

lOI 

100-9 

96 

96 

97 

98 

99 

100 

100 

100 

100 

100 

lOI 

lOI 

99-8 

98 

99 

100 

99 

99 

99 

100 

100 

100 

102 

102 

102 

IOO-8 

96 

95 

96 

96 

96 

97 

98 

99 

99 

100 

ICI 

lOI 

99.9 

96 

96 

97 

96 

96 

97 

98 

98 

98 

98 

98 

100 

99*3 

97 

97 

97 

97 

97 

97 

97 

97 

98 

99 

99 

98 

99-1 

97 

97 

98 

97 

98 

98 

99 

99 

100 

100 

lOI 

lOI 

991 

98 

98 

98 

99 

98 

98 

99 

99 

100 

102 

102 

'"^ 

IOO-6 

95 

95 

96 

96 

96 

96 

96 

96 

97 

98 

98 

982 

94 

95 

90 

96 

97 

97 

97 

96 

97 

97 

97 

98 

971 

96 

97 

97 

98 

99 

98 

99 

98 

98 

98 

98 

99 

980 

95 

96 

98 

98 

99 

98 

98 

97 

97 

98 

98 

99 

97-8 

95 

95 

96 

97 

97 

98 

98 

97 

97 

99 

97 

97 

983 

97 

98 

99 

99 

99 

[loi]  [101]  [102]  [102] 

[103]  [loi]  [102] 

[99*5] 

lOI 

lOI 

lOI 

100 

99 

100 

100 

100 

lOI 

lOI 

I02 

lOI 

[102-4] 

98 

99 

99 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

103 

103 

lori 

100 

100 

lOI 

102 

102 

102 

102 

102 

103 

103 

104 

104 

I02'9 

J  03 

'03 

104 

104 

>03 

104 

104 

104 

105 

106 

106 

107 

1043 

104 

102 

lOI 

102 

103 

104 

104 

104 

105 

105 

105 

106 

1067 

97 

97 

98 

98 

98 

99 

99 

99 

99 

99 

99 

99 

101*4 

94 

94 

95 

96 

98 

99 

100 

lOI 

lOI 

102 

103 

104 

983 

102 

103 

104 

105 

107 

107 

107 

107 

no 

no 

[no]  [no] 

[105-0] 
[io6*4j 

104 

104 

105 

105 

105 

105 

107 

107 

107 

107 

107 

106 

98 

100 

102 

102 

103 

>03 

103 

103 

103 

102 

104 

104 

103-1 

96 

98 

98 

98 

98 

99 

98 

98 

99 

100 

100 

100 

99-8 

92 

92 

94 

95 

95 

95 

96 

96 

96 

96 

96 

97 

96*1 

98 

100 

lOI 

102 

102 

103 

>03 

103 

103 

103 

103 

103 

99*4 

97 

99 

100 

lOI 

'03 

103 

103 

103 

103 

103 

«03 

102 

IOI-5 

98 

100 

100 

100 

lOI 

lOI 

102 

102 

104 

104 

104 

[103] 

[IOI-7] 

99 

100 

100 

102 

>03 

997 

102 

104 

104 

105 

104 

104 

104 

[ior8] 

97.6 

982 

987 

99'3 

loo-o 

ioo*4 

100-5 

1009 

IOI-3 

101-5 

101-7 

ioo'6 

—30 

-2-4 

-1-9 

-1-3 

— 0-9 

— 0-6 

— 0'2 

— o-i 

+03 

+07 

-1-0-9 

-i-ii 

296 


C  fi-   COasT  AXTi   ^E;>DET:^   ^Zs^yjiJ. 


^-Si-'-VkKnY  fc 


i-rr«^ 


TT'-.T'.t. 


iJSra    -«»-  -  -=if 


f* 

J* 

;« 

♦• 

^ 

•  I 

-^ 

it 

■  1 

-  .1 

:i' 

N-oc 

t 

f 

I'l 

103 

IC4 

ic; 

103 

IC5 

\Z1 

ICI 

iz\ 

?7 

9^ 

97 

2 

ICf 

101 

lOf 

lOI 

ICO 

I>3 

\z\ 

iri 

:;■: 

f7 

9^ 

97 

1 

I^jO 

99 

ICC 

100 

ICC 

y* 

ICI 

\zz 

i-x: 

97 

9^ 

9S 

4 

9* 

5r> 

100 

yf 

100 

100 

ICI 

\zz 

\1Z 

ICI 

i02 

102 

5 

«'5 

105 

105 

105 

106 

X06 

iC7 

i:* 

ic; 

1-7 

icS 

loS 

6 

no 

no 

109 

III 

III 

III 

"3 

1x2 

III 

ICJ 

IQ2 

101 

7 

103 

f03 

102 

102 

ICI 

1=4 

104 

IC5 

IC4 

93 

9« 

89 

8 

95 

94 

94 

95 

93 

94 

95 

^5 

<:wi 

95 

94 

^ 

9 

W 

99 

99 

99 

9^ 

0* 

00 

IOC 

Cp- 

9* 

97 

97 

lO 

I<X» 

100 

99 

9* 

99 

9-^ 

^0 

100 

1 03 

100 

9« 

97 

If 

100 

lOX 

ICO 

ICO 

100 

100 

ICI 

ICI 

«>> 

96 

95 

95 

12 

101 

lOf 

100 

ICO 

100 

ICO 

lOI 

I02 

ICI 

100 

9^ 

98 

n 

102 

102 

105 

102 

102 

IC2 

103 

103 

102 

100 

<^S 

98 

»4 

10  J 

103 

"V> 

103 

103 

«03 

104 

104 

103 

00 

9S 

97 

I   15 

100 

101 

ICO 

100 

101 

102 

102 

lOI 

100 

0 

9S 

97 

;     «^ 

100 

100 

99 

99 

100 

100 

100 

ICO 

\oo 

100 

99 

99 

»7 

ry 

100 

99 

99 

99 

100 

99 

oS 

94 

93 

92 

90 

i« 

97 

97 

96 

95 

95 

96 

95 

96 

95 

93 

9" 

90 

1    »9 

i<» 

101 

lOI 

99 

99 

99 

99 

100 

ICI 

lOI 

lOI 

lot 

20 

104 

100 

lOI 

lot 

lOI 

ICO 

99 

99 

ICC- 

ICI 

99 

99 

21 

100 

99 

99 

97 

98 

9S 

99 

99 

97 

96 

95 

22 

96 

96 

95 

95 

95 

95 

94 

94 

94 

97 

96 

95 

23 

100 

99 

99 

fjH 

98 

9S 

9^ 

99 

97 

95 

95 

94 

24 

9^^ 

95 

95 

94 

94 

95 

95 

94 

94 

9» 

89 

88 

25 

92 

92 

9' 

9« 

90 

9« 

9« 

92 

9> 

98 

97 

98 

26 

102 

102 

fOf 

101 

100 

ICI 

100 

99 

qS 

97 

98 

98 

27 

106 

105 

104 

104 

104 

103 

104 

103 

ICI 

102 

98 

99 

2« 

102 

107 
ioo'5 

106 

100-2 

105 
99*9 

104 

104 

104 

104 

104 

105 

104 

105 

Mcanft 

99-8 

loo-o 

1004 

1005 

99-7 

98-2 

974 

970 

liiurna)  va 

,  riation 

1 

r  08 

f  0-9  4-05 

rO-3 

-foi 

-rO-4 

+07 

—  0-9 

o-o 

—  1*4 

-2*3 

2-6 
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FKBRUARY,  1883. 

Value  of  I  division  of  scale  'coo  153  in  i>arts  of  V.] 

Local  mean  time. 


is"   14^    15*    x6*    i7»    18^    19^    «ok    ax*    aa*    13^   ^ght. 


95 

97 
97 


98 

97 
97 


102  102 

108  107 

99  100 

89  89 

94  96 
97  96 

97  98 

95  96 

98  100 

99  100 

97  97 

97  98 

98  98 
89  89 
89  80 

100  lOI 

98  99 


100 

97 

95 
103 

108 

lOI 

91 
96 

98 

99 

98 
loi 
100 

98 

99 

99 
92 

92 

102 

99 


lOI 

98 

96 

104 

109 

100 

91 
96 

08 
99 

98 
102 

lOI 

99 
99 

99 
92 

93 
102 

99 


lOI 

99 
96 

103 

109 

102 

93 

97 

99 
100 

99 

103 

»03 
100 

100 

100 

95 
96 

102 

100 


lOI 

100 

97 
104 

no 

103 

93 
97 
99 
99 

100 
102 
104 
100 
100 

100 

97 

99 
102 

100 


100 
100 

97 
105 

no 

102 

93 
98 

99 
100 

lOI 

102 
104 
100 

99 

lOI 

97 
100 

103 

lOI 


100 
100 

97 
105 

no 

102 

93 

99 

99 
98 

lOI 

102 
104 
100 
100 

99 
95 

lOI 

103 

lOI 


lOI 
lOI 

97 
105 

in 

102 
94 

99 
100 

100 

lOI 

102 
104 
102 
100 

100 

98 

lOI 

103 

lOI 


lOI 

100 

97 
104 

n2 

I02 

95 

99 
100 

98 

100 
104 
104 

lOI 

100 

99 

97 
100 

103 

lOI 


lOI 
lOI 

98 

106 

112 

103 

95 

99 
100 

99 

100 

103 
104 

lOI 
lOI 

99 
96 

100 

103 

lOI 


lOI 

98 

99 
105 

III 

103 
95 
99 

lOI 

100 

loi 
103 
103 
100 

lOI 

98 
96 

99 
103 

lOI 


95 

95 

96 

95 

96 

96 

96 

97 

98 

97 

97 

97 

97-1 

96 

96 

96 

97 

98 

100 

102 

102 

102 

100 

lOI 

99 

971 

94 

96 

97 

96 

97 

97 

97 

97 

98 

97 

98 

98 

97-2 

87 

88 

93 

93 

92 

92 

90 

93 

94 

95 

95 

93 

927 

98 

98 

99 

99 

100 

lOI 

102 

102 

102 

100 

103 

104 

96-8 

99 

100 

lOI 

103 

103 

104 

104 

105 

105 

105 

105 

105 

101-5 

99 

lOI 

102 

102 

102 

107 

106 

107 

107 

106 

109 

107 

103-7 

106 

107 

109 

109 

109 

no 

109 

109 

109 

no 

no 

no 

106-7 

968 

97-1 

986 

989 

99-8 

100-5 

100-6 

100-8 

IOI-3 

101*0 

ioi'4 

lOM 

99.7 

— 2-9 

-2-5 

—  II 

—07 

-fo-i 

-fo-9 

-f-o-9 

-|-r2 

-I-I-6 

+  1-4 

+1-7 

-fi-5 

Daily 
means. 


d. 
IOO-6 

993 
98-2 

102-3 

108- 1 

105*1 

963 
959 
987 
990 

99-1 
101*0 
1020 
100*8 

99-8 

99*4 
95-6 

95*3 

IOI'2 
100*2 
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U.    S.    COAST   ANT)    GEODETIC    SURVEV. 


MARCH,  1883. 

[Increasing  scale  rcjidings  corrcs|)ond  to  increasing!  force. 
Local  mean  time. 


Day  of 
month. 


a^        3*         4* 


6* 


8"  • 


xo»       It*      Noon. 


I 

no 

109 

109 

108 

108 

108 

107 

loS 

■ 

107 

107 

105 

107 

2 

108 

108 

108 

109 

109 

no 

no 

no 

no 

108 

108 

107 

3 

no 

no 

III 

III 

III 

III 

in 

no 

109 

106 

[106]  [106] 

4 

108 

109 

109 

no 

III 

III 

in 

III 

no 

107 

104 

«03 

5 

107 

107 

107 

106 

106 

106 

107 

107 

107 

106 

105 

105 

6 

107 

107 

107 

107 

107 

107 

107 

107 

105 

102 

lOI 

100 

7 

104 

104 

103 

103 

103 

104 

104 

104 

102 

94 

92 

92 

8 

96 

96 

95 

95 

95 

95 

96 

95 

94 

92 

9" 

90 

9 

104 

104 

103 

103 

103 

104 

104 

103 

lOI 

99 

98 

98 

10 

lOI 

lOI 

100 

lOI 

100 

lOI 

102 

lOI 

99 

96 

96 

96 

II 

102 

lOI 

lOI 

100 

lOI 

lOI 

lOI 

lOI 

100 

93 

91 

90 

12 

95 

95 

95 

95 

95 

95 

95 

95 

94 

93 

91 

9< 

"3 

95 

95 

96 

95 

94 

94 

95 

95 

94 

93 

93 

93 

14 

93 

92 

93 

93 

92 

94 

94 

94 

94 

94 

94 

94 

15 

95 

95 

96 

96 

96 

97 

98 

98 

97 

94 

92 

91 

16 

96 

96 

96 

96 

96 

96 

97 

97 

96 

96 

95 

94 

17 

98 

98 

97 

98 

97 

98 

98 

98 

97 

98 

96 

95 

18 

98 

98 

97 

97 

97 

97 

98 

98 

97 

96 

95 

94 

"9 

98 

98 

98 

98 

98 

99 

99 

99 

99 

97 

96 

96 

20 

97 

97 

97 

97 

97 

98 

99 

100 

99 

97 

95 

94 

21 

100 

100 

100 

100 

lOI 

lOI 

lOI 

lOI 

100 

95 

9» 

91 

22 

99 

99 

99 

98 

98 

99 

99 

99 

98 

98 

97 

97 

23 

lOI 

101 

101 

lOI 

102 

102 

102 

J03 

102 

93 

92 

92 

24 

99 

98 

97 

96 

96 

97 

98 

98 

97 

96 

95 

94 

25 

98 

98 

97 

96 

96 

96 

97 

97 

97 

94 

92 

92 

26 

102 

lOI 

102 

100 

99 

99 

99 

99 

99 

98 

97 

96 

27 

102 

103 

102 

lOI 

lOI 

101 

lOI 

102 

lOI 

100 

lOI 

101 

28 

104 

104 

104 

104 

104 

104 

104 

103 

103 

103 

102 

102 

29 

108 

108 

107 

107 

106 

106 

107 

106 

105 

106 

104 

103 

30 

105 

los 

105 

105 

105 

105 

105 

105 

105 

103 

102 

[102] 

31 

105 

105 

105 

104 

103 

'03 

103 

103 

102 

lOI 

lOI 

lOI 

Means 

101-5 

101*4 

101*2  loro 

1009 

101-3 

1016 

101-5 

IOO-6 

985 

974 

970 

Diurnal  va- 

riation 

-fio 

-fro 

-f-07  -f-o-6 

-fo-4 

-f-o-9 

-fi-i 

t-i-i 

-foi  - 

-1-9 

-3> 

—3*4 
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MARCH,  1883 

Vftlue  of  I  division  of  scale  *ooo  147  in  parts  of  V.] 

Local  mesm  time. 


13" 

14" 

15^ 

16* 

17" 

i8» 

19* 

•o^ 

azk 

33» 

•3" 

Mid- 
niglit 

Daily 
means. 

109 

109 

1 10 

no 

no 

no 

no 

109 

109 

109 

109 

108 

d. 
1085 

107 

109 

no 

III 

in 

III 

III 

no 

no 

no 

no 

no 

109-4 

[106]  [106]  [107]  [108] 

[109]  [no] 

no 

109 

108 

108 

107 

107 

[I08-6] 

103 

105 

107 

108 

109 

no 

no 

109 

109 

108 

108 

107 

io8-2 

105 

105 

107 

107 

107 

108 

107 

107 

107 

107 

106 

106 

106-5 

102 

104 

104 

104 

104 

104 

104 

104 

104 

104 

104 

105 

104*6 

92 

93 

94 

95 

95 

95 

95 

95 

95 

95 

95 

95 

97*6 

91 

93 

95 

96 

104 

.103 

103 

103 

105 

103 

104 

103 

97-2 

98 

98 

100 

lOI 

lOI 

lOI 

101 

lOI 

102 

lOI 

lOI 

lOI 

1013 

96 

96 

99 

100 

100 

lOI 

100 

100 

100 

100 

100 

100 

994 

91 

92 

94 

95 

96 

96 

97 

97 

96 

96 

95 

96 

96*8 

92 

93 

94 

95 

95 

95 

96 

95 

94 

93 

93 

93 

940 

93 

94 

95 

95 

95 

95 

95 

94 

94 

93 

94 

93 

943 

94 

95 

9b 

96 

96 

96 

97 

96 

96 

94 

94 

94 

94  4 

9» 

92 

94 

95 

97 

98 

98 

98 

97 

97 

97 

96 

95-6 

94 

95 

96 

97 

99 

99 

99 

99 

98 

98 

97 

97 

96-6 

94 

95 

96 

98 

99 

100 

100 

100 

99 

99 

98 

98 

977 

95 

96 

97 

98 

98 

98 

98 

98 

98 

97 

97 

97 

970 

97 

98 

99 

99 

100 

lOI 

lOI 

lOI 

100 

99 

98 

97 

985 

95 

96 

97 

99 

99 

100 

100 

100 

99 

99 

98 

98 

97-8 

91 

93 

94 

97 

99 

100 

100 

100 

100 

too 

lOI 

lOI 

98-2 

97 

98 

100 

100 

lOI 

lOI 

lOI 

102 

102 

lOI 

100 

99 

993 

93 

94 

95 

97 

97 

98 

99 

100 

too 

100 

100 

98 

98-5 

94 

95 

96 

98 

too 

100 

100 

100 

100 

100 

99 

99 

97-6 

92 

93 

94 

96 

97 

99 

100 

99 

100 

100 

lOI 

102 

968 

96 

99 

98 

100 

lOI 

102 

102 

102 

103 

103 

103 

103 

lOO.I 

99 

lOI 

103 

104 

104 

104 

104 

103 

103 

103 

103 

105 

102-2 

102 

103 

105 

106 

106 

106 

107 

106 

107 

106 

106 

108 

1045 

102 

103 

104 

104 

105 

105 

105 

106 

105 

104 

104 

104 

105-2 

[103] 

103 

105 

105 

105 

105 

106 

106 

los 

105 

105 

105 

[104-6] 

lOI 

10 1 

103 

103 

104 

104 

105 

105 

'  105 

105 

105 

104 

103-4 

97-3 

983 

996 

100-5 

1014 

ior8 

1020 

1017 

ioi'6 

101*2 

lOI'O 

ioo*9 

100-5 

— 3*2- 

—2*1 

— 0'9 

-j-o-i 

-f.o-9 

+1-4 

+1-5 

+1-3 

+I-I 

+0-8 

+0-5 

+0-5 

8.  Ex,  37 19 
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It  i.  TruirT  kinj    ra-rjirrrr 


1"  V 


-%i^; 


aS: 


9 

' 

• 

^ 

« 

* 

- 

» 

■- 

- 

- 

:.-. 

r 

■*ir 

;nf 

rru. 

:cu. 

:gu. 

BA. 

er 

nf 

'Sl 

i 

-rjf 

rift 

'fli 

nx 

-fvx 

'OX 

"cn 

■p: 

CI 

i# 

1* 

40 

\ 

:n^ 

:** 

:«* 

r«« 

nr 

-nr 

Txi 

nix 

CXI 

-<r 

aiz 

ar? 

4 

:#i^ 

rnr 

:rt^ 

rn' 

:iT^ 

:iT^ 

TIT 

rcr- 

■rr* 

■jar 

1^ 

a« 

^ 
M 

»3. 

>u 

mi 

UXf 

nz 

I* 

--na. 

*^3^ 

.or 

■r 

■ 

^ 

4 

r 

1" 

iii 

« 

» 

» 

itf 

i# 

tr 

I*. 

>? 

9^ 

ut 

^ 

r 

rr 

-fli 

« 

rr 

«r 

fl» 

1* 

•f 

■IT 

«r 

< 

in* 

{«U 

'^^ 

:iix 

o: 

roft. 

mr 

.rx«. 

IfTX 

301 

9K 

-> 

uu 

fn« 

snA 

:«iA 

:n«. 

:n«. 

LOC 

xa 

^^5 

rns 

DOK 

no 

t«v 

:*->; 

s<*i 

ikw 

3rU 

■xa. 

air 

m 

ail 

xu. 

3I2 

zin 

as 

no 

(r 

f<V» 

«: 

fir%^ 

\rA 

■'^', 

aoT 

^OT 

jnr 

yix 

7K 

?s 

«i 

tx 

I'r^ 

:*•-» 

M« 

rn* 

'jtVS 

If* 

TT" 

rrjB 

ICbL 

IC* 

1B4> 

f  w 

:*%' 

:rif 

r^y. 

:rti 

'jnz 

mr 

314. 

'JTZ 

ilt 

«C 

♦; 

i^ 

ri 

^ 

« 

VI 

« 

^ 

^ 

IC 

TE 

K 

fc 

« 

ffi 

f> 

>i 

V- 

>« 

>« 

?2 

« 

3= 

y^ 

U 

s 

fa 

^ 

rA 

-y^ 

'A 

>" 

y: 

IT 

^ 

u9 

\i 

1« 

1^ 

•i" 

97 

r 

yr 

*  • 

rr 

^': 

-flt 

^ 

DTT 

znc 

l" 

T- 

« 

4» 

;< 

wr. 

» 

y> 

xr^. 

Kl 

c.-f 

4 

?a* 

M 

n 

«S 

*-> 

^'% 

i^,i 

:<a 

X^Jl 

«J 

^">I 

liC* 

rcj 

r,-*-* 

» 

oa 

^ 

>v 

w^ 

i^'v 

^'\ 

uyi 

co« 

i<:^ 

rcn 

mi 

ijn 

m; 

ICS 

KB 

>r 

t^/i 

I**,* 

t^/t 

V/Z 

K'^3 

I'-a 

fi-yj 

f.7^ 

:rc 

'» 

9» 

f» 

>'^ 

KrI 

K-i 

WA 

ir.t 

rof 

rc3 

fC3 

1-3: 

•• 

rrc 

irt 

I30 

MO 

^; 

u,% 

I'M 

ICt 

rof 

icf 

r-is 

^•=3 

ic; 

*  ^k^» 

i?i 

iOO 

100 

ar4 

1/-,^ 

r/x 

^'^ 

i*--* 

''--S 

I04. 

i"^ 

ic; 

prf 

:U( 

9^ 

96 

*i 

IM 

f'va 

tf/1 

fca 

f/i 

f-^i 

ICA 

1=4 

i:« 

ICI 

lOI 

lOI 

y; 

K/*- 

r; 

y> 

y> 

y> 

r* 

99 

99 

9^ 

n 

94 

9S 

-«^ 

y- 

'/7 

yj 

y 

yi 

9C 

90 

r: 

96 

9* 

95 

96 

A 

'/' 

y- 

^/> 

77 

yi 

yi 

9^ 

45 

9* 

95 

93 

^ 

^9 

77 

77 

77 

77 

77 

97 

77 

97 

q6 

50 

oS 

99 

¥' 

>/.^ 

l'^^ 

IM 

I'M 

I04 

104 

105 

1Q4 

103 

101 

100 

100 

M^4Ap«  tf^fl  tfff^tffr^tr^f^     MOCr$     MOO'S    IOI'4    IOI-4      999      982      97*2     97-4 

thnthm\  /» 
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APRIL,  1883. 

Valttt  of  1  dirision  of  scale,  '000141  in  ptrts  of  V.] 

Local  mean  time. 


13* 

t4^ 

«5^ 

i6» 

17^ 

i8k 

.9* 

M^ 

ai^ 

n^ 

as" 

Mid- 
night 

Daily 
means. 

98 

98 

lOI 

102 

103 

104 

104 

103 

103 

102 

lOI 

100 

d, 
1023 

98 

100 

lOI 

102 

>03 

104 

106 

105 

105 

104 

104 

104 

101*9 

103 

102 

105 

106 

108 

109 

109 

108 

108 

108 

109 

109 

1053 

99 

99 

100 

102 

104 

104 

104 

103 

103 

102 

102 

102 

1037 

97 

97 

99 

lOI 

102 

lOI 

100 

100 

100 

99 

99 

97 

loo-o 

95 

97 

98 

99 

99 

100 

100 

99 

99 

99 

98 

98 

97-2 

98 

98 

99 

100 

lOI 

104 

105 

104 

103 

103 

102 

102 

993 

99 

lOI 

102 

102 

I04 

104 

105 

104 

104 

104 

104 

104 

I02*9 

101 

lOl 

103 

104 

105 

104 

104 

103 

103 

103 

102 

102 

103-3 

lOI 

lOI 

102 

»03 

103 

105 

105 

104 

104 

103 

103 

102 

102'5 

lOI 

lOI 

102 

103 

104 

103 

103 

102 

103 

103 

103 

102 

I02'I 

104 

»03 

104 

104 

103 

102 

101 

100 

100 

100 

100 

100 

^^yi 

86 

86 

86 

88 

90 

90 

89 

89 

89 

89 

89 

89 

923 
898 

SS 

88 

89 

90 

92 

92 

92 

92 

92 

92 

91 

91 

«9 

90 

92 

94 

95 

97 

97 

97 

96 

96 

97 

97 

93*0 

^f 

98 

99 

99 

99 

100 

101 

100 

100 

99 

98 

98 

983 

98 

100 

lOI 

102 

103 

«o3 

102 

102 

lOI 

100 

100 

99 

993 

98 

99 

lOI 

102 

104 

105 

105 

103 

104 

lOI 

lOI 

103 

1013 

99 

99 

101 

lOI 

>03 

«o3 

103 

104 

104 

103 

103 

>03 

102*0 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

lOI 

I02 

102 

102 

102 

102*6 

97 

97 

98 

100 

100 

101 

102 

102 

lOI 

lOI 

lOI 

lOI 

100*5 

100 

100 

100 

102 

«o3 

103 

102 

102 

102 

102 

lOI 

lOI 

101*4 

100 

100 

lOI 

102 

103 

>03 

103 

103 

103 

103 

104 

104 

ioi*9 

95 

95 

98 

99 

102 

104 

105 

104 

104 

105 

104 

104 

ioi'9 

101 

lOI 

100 

102 

101 

101 

101 

100 

100 

100 

98 

98 

ioi*4 

95 

95 

97 

97 

97 

97 

97 

96 

96 

96 

95 

95 

969 

97 

97 

98 

97 

97 

96 

96 

96 

95 

95 

95 

95 

96*  1 

95 

95 

95 

95 

96 

97 

97 

96 

96 

96 

95 

95 

95*4 

100 

lOI 

102 

>03 

104 

105 

105 

104 

103 

103 

»03 

»o3 

too*  2 

lOI 

102 

103 

los 

los 

107 

107 

106 

105 

105 

105 

104 

103-8 

977 

983 

99*3 

100-3 

101*1 

ior6 

1017 

lOI-I 

ioo'9 

IOO-6 

1003 

loo-i 

lOO-I 

—2-4 

-17 

-08 

+0-3 

+  I-0 

+  1-6 

+1-6 

+1-1 

+0-8 

+0-6 

+o-a 

+o*i 

.  t.  — ' 
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U,   8.   COAST   AND   GEODETIC   SURVEY. 


MAY,  1883. 

[Increasiiiiif  Kale  readings  correspond  to  increasliig  force. 
Locml  mean  time. 


Day  of 

month. 

i» 

•» 

s^ 

4' 

5* 

6k 

7* 

8k 

^ 

10k 

Sik 

Noon. 

I 

106 

105 

106 

105 

105 

104 

105 

106 

105 

lOI 

100 

lOI 

2 

102 

lOI 

102 

102 

lOI 

lOI 

lOI 

102 

lOI 

98 

98 

97 

3 

103 

103 

102 

102 

lOI 

102 

103 

103 

103 

lOI 

lOI 

102 

4 

102 

102 

102 

102 

102 

102 

102 

103 

102 

99 

99 

99 

5 

104 

104 

104 

104 

105 

106 

106 

106 

104 

102 

lOI 

100 

6 

103 

103 

103 

103 

104 

104 

105 

104 

103 

102 

100 

101 

7 

105 

104 

104 

103 

105 

105 

105 

105 

103 

100 

100 

102 

8 

104 

104 

104 

104 

104 

104 

105 

106 

105 

>03 

102 

lOI 

9 

"03 

■03 

102 

lOI 

102 

102 

«03 

103 

102 

102 

102 

102 

10 

106 

106 

106 

106 

106 

106 

107 

105 

104 

104 

103 

103 

II 

107 

107 

107 

107 

107 

107 

106 

105 

104 

102 

102 

105 

12 

106 

106 

105 

105 

106 

106 

106 

105 

104 

100 

100 

102 

13 

102 

lOI 

102 

lOI 

102 

103 

102 

100 

98 

97 

98 

102 

14 

102 

102 

102 

102 

104 

104 

104 

103 

100 

92 

92 

93 

15 

95 

95 

94 

95 

95 

95 

95 

94 

93 

92 

92 

93 

16 

96 

95 

95 

95 

96 

96 

96 

94 

93 

90 

90 

91 

17 

93 

92 

92 

93 

93 

94 

94 

92 

91 

90 

90 

91 

18 

93 

93 

93 

94 

94 

94 

94 

92 

92 

91 

91 

92 

>9 

94 

94 

94 

94 

93 

93 

93 

93 

93 

92 

92 

94 

20 

100 

100 

100 

99 

99 

99 

100 

100 

99 

98 

97 

98 

21 

105 

104 

104 

102 

103 

104 

104 

105 

105 

107 

107 

107 

22 

108 

107 

107 

106 

105 

106 

106 

107 

fo6 

105 

I65 

105 

23 

108  • 

107 

106 

107 

106 

106 

107 

106 

105 

104 

102 

102 

24 

106 

106 

106 

105 

105 

106 

106 

106 

105 

lOI 

lOI 

Id 

25 

106 

106 

106 

106 

106 

107 

107 

106 

105 

104 

103 

103 

26 

106 

106 

106 

105 

106 

106 

105 

105 

104 

104 

103 

104 

27 

105 

105 

105 

106 

106 

107 

107 

107 

105 

104 

103 

I04 

28 

109 

108 

108 

108 

108 

108 

108 

108 

107 

105 

106 

106 

29 

106 

106 

107 

107 

108 

108 

108 

108 

107 

99 

98 

98 

30 

98 

98 

98 

98 

97 

99 

100 

100 

99 

98 

97 

98 

3« 

99 

99 

98 

99 

lOO 

99 

100 

99 

97 

98 

99 

98 

Means 

102-6  ] 

I02"3 

I02-3 

102*1 

I02'4 

1027 

102-9 

102-5 

101-4 

99-5 

992 

99*8 

Diurnal  va- 

riation 

-H>'9  -H>*6  +o*6 

-I-0-4  +07 

+  I'0 

+1-2 

+0-8 

—0-3 

— 2'2 

—2-5 

-1-9 

X 
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MAY,  1883. 

Value  of  X  fivisioii  of  tcftle,  '000x35  in  parts  of  V.] 

Local  mean  time. 


13^ 

«4^ 

«5* 

x6* 

«7* 

18^ 

19^ 

aok 

axk 

•ak 

«3' 

Mid- 
night. 

Daily 
means. 

102 

103 

103 

104 

104 

105 

105 

104 

104 

104 

102 

102 

103-8 

98 

99 

lOI 

102 

103 

105 

105 

104 

103 

103 

103 

102 

101-4 

102 

lOI 

102 

102 

102 

102 

105 

104 

103 

103 

102 

102 

102-3 

100 

102 

102 

102 

X02 

103 

104 

104 

103 

103 

103 

103 

102*0 

102 

102 

103 

104 

104 

104 

104 

104 

104 

104 

103 

103 

103-6 

lOX 

lOI 

103 

103 

104 

104 

103 

102 

103 

104 

104 

104 

103-0 

lOI 

lOI 

102 

102 

103 

104 

104 

103 

103 

104 

103 

103 

103-1 

lOI 

102 

102 

103 

104 

103 

103 

103 

103 

103 

104 

104 

1034 

103 

I<^ 

105 

105 

105 

105 

105 

104 

104 

105 

105 

105 

1034 

106 

106 

106 

106 

107 

106 

106 

106 

105 

105 

105 

106 

105-5 

102 

102 

«03 

104 

106 

105 

104 

105 

105 

104 

105 

105 

104-8 

102 

102 

102 

102 

102 

102 

102 

102 

102 

103 

102 

102 

103-2 

100 

XOI 

lOI 

102 

102 

102 

lOI 

lOI 

lOI 

X02 

102 

102 

lOI-O 

94 

94 

95 

96 

97 

97 

96 

96 

96 

96 

96 

96 

979 

94 

94 

94 

95 

95 

95 

95 

95 

96 

96 

96 

94 

94*5 

9« 

91 

91 

92 

93 

93 

93 

93 

92 

93 

92 

92 

93-0 

91 

92 

92 

93 

94 

95 

95 

95 

95 

95 

94 

94 

929 

91 

9> 

91 

92 

93 

95 

96 

96 

96 

95 

95 

95 

93*3 

94 

94 

95 

96 

96 

100 

lOI 

lOI 

100 

100 

100 

100 

957 

98 

99 

99 

99 

99 

lOI 

103 

105 

106 

107 

108 

106 

IOO-8 

105 

106 

107 

107 

107 

107 

108 

108 

109 

108 

108 

no 

105-7 

105 

105 

105 

106 

106 

107 

107 

107 

105 

X06 

106 

107 

106-0 

>03 

105 

106 

107 

106 

107 

107 

106 

106 

107 

106 

106 

105-8 

102 

103 

104 

105 

106 

X06 

106 

107 

106 

106 

106 

107 

104-9 

103 

104 

105 

106 

106 

106 

106 

I04 

105 

105 

106 

106 

1053 

105 

106 

106 

106 

106 

106 

105 

105 

105 

104 

104 

106 

165-2 

105 

105 

106 

107 

107 

no 

109 

108 

107 

107 

107 

108 

105-8 

106 

106 

108 

109 

109 

109 

108 

108 

107 

106 

106 

107 

107-4 

98 

98 

98 

99 

99 

99 

99 

98 

98 

98 

97 

97 

IOI-6 

98 

98 

99 

100 

100 

99 

98 

99 

98 

98 

97 

98 

984 

99 

99 

100 

100 

99 

99 

100 

lOI 

100 

100 

100 

99 

992 

loo-i 

1005 

101*2 

ior8 

I02'I 

1 02-3 

1027 

102-5 

102-3 

102-4 

I02*2 

I02-0 

101-7 

-1-6 

— 1'2 

-o-S 

+0-I 

+0*4 

+0-6 

+i*o 

+0-8 

+0-6 

4-0-7 

+0"5 

+03 
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U.  fl.   COAST  AND   GEODETIC   8UKVET. 


JUNE,  1883. 

[Increasing  soUe  reftdiocs  correspond  to  incrMslBf 
Local  mean  time. 


Day  of 
month. 

1* 

•» 

3* 

4* 

5* 

6k 

7^ 

8k 

9* 

lok 

ii» 

Noon 

I 

98 

99 

99 

99 

99 

100 

100 

too 

99 

97 

95 

95 

2 

99 

99 

^ 

lOI 

100 

100 

100 

99 

v> 

96 

97 

97 

3 

99 

99 

98 

100 

101 

lOI 

100 

99 

98 

98 

100 

4 

99 

99 

99 

9.9 

99 

100 

102 

100 

100 

98 

98 

98 

5 

102 

103 

102 

103 

104 

104 

105 

IG5 

103 

101 

101 

102 

6 

106 

106 

104 

105 

105 

105 

105 

105 

104 

103 

102 

I03 

7 

107 

107 

107 

107 

107 

107 

108 

107 

-  106 

lOI 

103 

104 

8 

105 

104 

104 

104 

104 

104 

105 

105 

103 

102 

100 

too 

9 

102 

102 

102 

>03 

103 

102 

102 

102 

100 

98 

^ 

100 

10 

102 

102 

102 

103 

103 

103 

«03 

102 

102 

98 

98 

98 

II 

99 

99 

99 

99 

100 

100 

99 

99 

97 

94 

94 

94 

12 

95 

95 

95 

95 

96 

97 

97 

97 

95 

93 

93 

93 

13 

96 

95 

95 

96 

97 

98 

98 

97 

97 

9J 

93 

93 

14 

96 

97 

97 

97 

98 

99 

99 

98 

97 

96 

94 

95 

15 

97 

97 

99 

98 

99 

100 

100 

100 

98 

98 

97 

98 

16 

99 

99 

99 

100 

lOI 

lOI 

102 

lOI 

99 

96 

95 

95 

17 

lOI 

lOI 

lOI 

100 

100 

100 

100 

100 

100 

99 

too 

98 

18 

101 

lOI 

lOI 

lOI 

lOI 

102 

103 

103 

103 

100 

99 

98 

19 

100 

lOI 

100 

lOI 

lOI 

100 

lOI 

100 

100 

99 

99 

99 

20 

100 

100 

100 

100 

100 

100 

101 

100 

98 

98 

98 

98 

21 

100 

99 

99 

99 

99 

99 

99 

99 

98 

95 

93 

94 

22 

lOI 

100 

100 

100 

100 

lOI 

lOI 

lOI 

101 

95 

95 

96 

23 

100 

99 

-98 

98 

98 

98 

98 

97 

96 

94 

93 

92 

24 

99 

99 

99 

99 

99 

98 

99 

99 

97 

94 

94 

94 

25 

lOI 

lOI 

101 

10 1 

lOI 

102 

103 

»03 

102 

99 

97 

98 

26 

104 

103 

102 

102 

103 

103 

103 

103 

102 

lOI 

99 

99 

27 

104 

104 

102 

102 

102 

lOI 

102 

«03 

102 

95 

96 

96 

28 

104 

104 

104 

104 

103 

104 

106 

105 

104 

103 

102 

lOI 

29 

105 

103 

104 

X04 

104 

104 

104 

103 

102 

>03 

lOI 

lOI 

30 

104 

104 

104 

X04 

104 

104 

105 

105 

103 

102 

102 

102 

Means 

IOO-8 

1007 

100-5 

ioo'8 

lOI'O 

101-2 

1017 

IOf2 

lOO'I 

980 

97*4 

97-7 

Diurnal  va- 

• 

riation 

-j-o-8 

4-0-8 

+0-5  +0-9 

-fro 

-hi-3 

-fi7 

4-1-3 

-J-o-i 

-1-9 

—2-6 

— 2*2 
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JUNE,  1883. 

Value  of  I  division  of  scale,  '000199  in  parts  of  V.] 

Local  mean  time. 


13^ 

«4^ 

IS" 

16* 

«7* 

x8» 

19^ 

aok 

aik 

9^ 

»3* 

Mid- 
night. 

Daily 
means. 

96 

96 

96 

97 

97 

98 

99 

99 

100 

100 

98 

98 

d. 

98*  I 

97 

98 

99 

100 

100 

99 

99 

99 

99 

98 

98 

98 

987 

98 

98 

98 

98 

98 

99 

100 

100 

99 

99 

99 

99 

990 

99 

100 

100 

lOX 

102 

102 

102 

102 

102 

102 

102 

102 

IOO-3 

102 

lOI 

lOI 

102 

«03 

>o3 

103 

>03 

103 

104 

104 

104 

I02>8 

102 

103 

104 

106 

106 

106 

107 

107 

107 

106 

107 

107 

105*0 

104 

104 

104 

106 

105 

105 

103 

102 

>03 

103 

103 

104 

104-8 

100 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

100 

99 

100 

lOI 

101 

I02-0 

100 

100 

99 

lOI 

lOI 

102 

»03 

lOI 

lOI 

102 

101 

102 

lori 

98 

98 

98 

98 

98 

99 

98 

98 

98 

98 

98 

98 

997 

95 

95 

95 

95 

95 

95 

96 

96 

96 

96 

95 

95 

96*5 

93 

95 

95 

95 

95 

97 

96 

95 

95 

95 

95 

94 

95-1 

94 

95 

96 

96 

96 

96 

97 

97 

97 

97 

96 

97 

96-0 

96 

96 

97 

98 

98 

98 

99 

99 

99 

99 

99 

99 

97-5 

98 

98 

98 

98 

99 

99 

99 

98 

98 

98 

99 

99 

98*4 

96 

97 

98 

99 

100 

100 

100 

99 

99 

99 

99 

99 

988 

97 

97 

99 

99 

100 

lOI 

102 

102 

102 

103 

102 

102 

ioo*3 

97 

98 

99 

100 

lOI 

100 

lOI 

100 

100 

102 

lOI 

100 

1005 

97 

97 

98 

100 

100 

100 

100 

99 

99 

99 

99 

99 

995 

97 

98 

98 

100 

99 

100 

99 

98- 

98 

98 

97 

96 

98-8 

95 

96 

98 

99 

100 

99 

100 

99 

100 

100 

100 

lO^ 

98-3 

95 

96 

97 

97 

97 

99 

99 

99 

^ 

99 

99 

99 

98*6 

94 

94 

95 

97 

97 

99 

99 

99 

98 

98 

99 

99 

970 

96 

96 

98 

98 

99 

99 

lOI 

100 

99 

99 

100 

lOI 

98-2 

98 

98 

100 

100 

100 

lOI 

X02 

102 

102 

102 

102 

»03 

IOO-8 

100 

99 

100 

lOI 

103 

«03 

102 

102 

lOI 

101 

100 

lOI 

101-5 

98 

100 

102 

102 

103 

104 

105 

105 

104 

104 

103 

>03 

loi  8  i 

102 

103 

102 

'03 

103 

«o3 

103 

103 

102 

102 

102 

102 

103- 1  ' 

lOI 

100 

102 

103 

104 

104 

105 

104 

102 

103 

>03 

102 

1030 

lOI 

101 

102 

102 

104 

106 

105 

105 

105 

104 

105 

105 

»037 

982 

98-3 

990 

997 

IOO-2 

IOO-6 

IOO-8 

ioo'4 

100*2 

100-3 

100*2 

100*3 

100*0 

1-8 

—  1-6 

—10 

— 0'2 

+02 

4-07 

4-0-8 

+0-5 

-fO'2 

+0-4 

-fO*2 

-fo-4 
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U.   S.   COAST  AND   GEODETIC   SUUVEY. 


JULY,  1883. 

[Increasing  scale  readings  correspond  to  increasing  force. 
Local  mean  time. 


Day  of 

month. 

X* 

•^ 

3^ 

4^ 

1* 

6k 

7^ 

8» 

9^ 

xo* 

xi*  Noon. 

I 

104 

104 

104 

104 

106 

106 

106 

107 

105 

102 

lOI 

100 

2 

103 

103 

103 

103 

104 

106 

107 

107 

105 

103 

103 

103 

3 

105 

los 

104 

105 

105 

106 

106 

106 

105 

103 

103 

102 

4 

102 

102 

102 

103 

*03 

103 

103 

104 

102 

101 

102 

102 

5 

103 

lOI 

102 

103 

103 

>03 

104 

103 

102 

lOI 

lOl 

102 

6 

103 

103 

103 

103 

103 

105 

105 

103 

102 

99 

100 

100 

7 

103 

103 

103 

103 

103 

104 

103 

103 

102 

98 

95 

95 

8 

99 

98 

98 

99 

99 

99 

99 

100 

98 

96 

96 

95 

9 

too 

99 

99 

99 

too 

100 

lOI 

100 

99 

96 

96 

98 

10 

lOI 

lOI 

ICX> 

101 

102 

103 

103 

103 

102 

99 

99 

99 

II 

102 

lOI 

lOI 

lOI 

XOI 

102 

lOI 

lOI 

lOI 

too 

100 

lOI 

12 

103 

103 

103. 

>o3 

104 

104 

106 

105 

'03 

98 

97 

97 

13 

J  03 

1^3 

'03 

103 

104 

105 

105 

105 

105 

too 

99 

98 

14 

102 

102 

102 

lOI 

102 

100 

100 

99 

100 

97 

96 

96 

15 

100 

100 

99 

100 

lOI 

lOI 

102 

lOI 

99 

97 

97 

97 

16 

101 

lOI 

100 

100 

lOI 

lOI 

102 

lOI 

TOO 

95 

94 

94 

17 

100 

100 

99 

100 

lOI 

lOI 

103 

102 

lOI 

98 

97 

97 

18 

103 

102 

100 

lOI 

102 

lOI 

102 

102 

lOI 

98 

97 

98 

19 

103 

'03 

'03 

103 

104 

104 

106 

105 

104 

102 

too 

100 

20 

106 

106 

106 

105 

106 

106 

106 

105 

106 

94 

92 

92 

21 

99 

98 

98 

98 

98 

99 

99 

99 

97 

95 

96 

95 

22 

99 

99 

99 

99 

99 

99 

99 

100 

99 

95 

93 

93 

23 

103 

102 

lOI 

lOI 

lOI 

lOI 

102 

'03 

lOI 

96 

95 

96 

24 

99 

99 

99 

98 

98 

99 

100 

100 

98 

95 

95 

96 

25 

102 

102 

102 

102 

102 

102 

102 

lOI 

lOI 

95 

95 

96 

26 

too 

100 

TOO 

100 

100 

100 

lOI 

too 

99 

99 

99 

too 

27 

'03 

103 

103 

103 

103 

103 

102 

102 

lOI 

99 

98 

98 

28 

102 

102 

102 

102 

103 

103 

104 

104 

102 

95 

93 

93 

29 

95 

96 

97 

97 

97 

98 

98 

98 

99 

98 

97 

97 

30 

lOI 

lOI 

103 

103 

lOI 

lOI 

lOI 

102 

100 

96 

95 

95 

3t 

104 

105 

105 

106 

106 

106 

107 

105 

104 

104 

105 

106 

! 

■  Means 

1017 

ior6 

101-4 

IOI-6 

1020 

1023 

1027 

102-5 

101-4 

98-2 

97-6 

97-8 

Diurnal  va- 

riation. 

+  ro 

4-0-8 

4-0-7  -f  0-8 

+  1-3 

4-1-5 

4-2-0 

'\-n 

4-07 

—2-6 

—31 

—30 

REPORT   FOR   1892 — PART   II. 
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JULY.  1883. 

Vftlue  of  X  dirf  slon  of  Kale,  '000x13  in  parts  of  V.] 

Local  mean  time* 


«3^ 

ii\ 

XS" 

x6^ 

17" 

x8* 

i^ 

ao^ 

ax^ 

n^ 

•3^ 

Mid- 
night 

Daily 
means. 

lOI 

102 

102 

104 

104 

105 

106 

105 

104 

104 

105 

105 

104*0 

104 

105 

105 

104 

105 

104 

106 

105 

105 

104 

104 

104 

104-4 

102 

103 

103 

1-^5 

105 

105 

104 

104 

103 

104 

103 

103 

104*1 

102 

102 

lOI 

102 

103 

103 

104 

103 

103 

103 

103 

103 

I02*5 

102 

103 

104 

104 

104 

104 

>03 

104 

102 

103 

103 

103 

I02-8 

102 

102 

102 

102 

102 

102 

103 

102 

102 

102 

102 

102 

102*3 

96 

97 

98 

98 

98 

97 

99 

99 

98 

99 

99 

98 

996 

96 

97 

98 

98 

99 

99 

99 

99 

98 

98 

99 

99 

98-1 

98 

98 

99 

99 

99 

100 

100 

100 

100 

100 

lOI 

lOI 

993 

99 

99 

99 

99 

99 

99 

100 

100 

100 

100 

99 

100 

100-3 

lOI 

101 

lOI 

lOI 

lOI 

lOI 

106 

105 

104 

104 

103 

103 

101*8 

97 

98 

99 

100 

lOI 

lOI 

104 

103 

103 

103 

103 

103 

101*7 

98 

98 

99 

lOI 

lOI 

lOI 

lOI 

100 

100 

101 

100 

100 

101*4 

96 

97 

98 

98 

98 

99 

lOI 

lOI 

100 

101 

lOI 

lOI 

99*5 

97 

98 

98 

99 

100 

lOI 

103 

101 

102 

lOI 

lOI 

lOI 

99-8 

95 

96 

97 

97 

97 

98 

lOI 

101 

lOI 

100 

lOI 

100 

98*9 

98 

100 

lOI 

lOI 

100 

100 

103 

102 

102 

102 

102 

102 

100-5 

100 

100 

100 

100 

lOI 

lOI 

«03 

103 

103 

104 

104 

104 

101-2 

100 

102 

102 

103 

103 

104 

105 

106 

105 

105 

105 

106 

103-5 

92 

92 

93 

95 

97 

97 

98 

97 

98 

98 

99 

98 

99*3 

95 

96 

97 

98 

99 

99 

100 

99 

99 

99 

99 

99 

97*9 

93 

94 

96 

97 

98 

103 

103 

102 

102 

102 

102 

102 

98-6 

95 

95 

95 

95 

96 

97 

99 

99 

98 

98 

99 

99 

98*6 

96 

96 

97 

98 

lOI 

100 

101 

100 

100 

lOI 

lOI 

102 

98-7 

97 

98 

98 

98 

98 

98 

100 

100 

lOI 

99 

100 

100 

99*5 

100 

100 

100 

102 

102 

102 

102 

102 

lOI 

lOI 

102 

102 

100-6 

99 

99 

99 

100 

100 

100 

102 

102 

lOI 

lOI 

102 

102 

loro 

93 

93 

95 

94 

94 

95 

95 

95 

96 

96 

95 

95 

975 

97 

98 

98 

100 

99 

lOI 

104 

lOI 

lOI 

lOI 

lOI 

100 

9S-7 

96 

97 

99 

lOI 

102 

>03 

104 

104 

103 

104 

104 

104 

I0O-8 

105 

105 

106 

107 

106 

108 

no 

109 

108 

108 

109 

no 

106-4 

98-1 

987 

99*3 

1000 

1004 

100-9 

I02-2 

1017 

ioi'4 

101-5 

ior6 

ioi'6 

100-7 

— 2-6 

—21 

-1-4 

— 08 

-03 

-fo-i 

-I-I-5 

+09 

+07 

+0-7 

+09 

-fo-8 

E 


ff 


aBS 
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U.   S.   COAST   AXD    (JEODETIC    SURVEY. 


MARCH,  1883. 

[Increasing:  scale  readings  corrcs[>ond  to  increasinj^  force. 
Local  mean  time. 


Day  of 
month. 


6* 


8' 


9' 


xo'        II*      Nooo. 


I 

no 

109 

109 

108 

108 

108 

107 

108 

4 

107 

107 

105 

107 

2 

108 

108 

108 

109 

109 

no 

no 

no 

no 

108 

108 

107 

3 

no 

no 

III 

III 

in 

III 

III 

no 

109 

106 

[106]  [106] 

4 

108 

109 

109 

no 

III 

in 

III 

III 

no 

107 

104 

103 

5 

107 

107 

107 

106 

106 

106 

107 

107 

107 

106 

105 

105 

6 

107 

107 

107 

107 

107 

107 

107 

107 

105 

102 

lOI 

100 

7 

104 

104 

>03 

103 

103 

104 

104 

104 

102 

94 

92 

92 

8 

96 

96 

95 

95 

95 

95 

96 

95 

94 

92 

9» 

90 

9 

104 

104 

103 

103 

103 

104 

104 

'03 

101 

99 

98 

98 

10 

lOI 

lOI 

100 

lOI 

100 

101 

102 

lOI 

99 

96 

96 

96 

II 

102 

lOI 

lOI 

100 

lOI 

lOI 

lOI 

lOI 

100 

93 

91 

90 

12 

95 

95 

95 

95 

95 

95 

95 

95 

94 

93 

91 

9« 

13 

95 

95 

96 

95 

94 

94 

95 

95 

94 

93 

93 

93 

14 

93 

92 

93 

93 

92 

94 

94 

94 

94 

94 

94 

94 

15 

95 

95 

96 

96 

96 

97 

98 

98 

97 

94 

92 

9« 

16 

96 

96 

96 

96 

96 

96 

97 

97 

96 

96 

95 

94 

17 

98 

98 

97 

98 

97 

98 

98 

98 

97 

98 

96 

95 

18 

98 

98 

97 

97 

97 

97 

98 

98 

97 

96 

95 

94 

>9 

98 

98 

98 

98 

98 

99 

99 

99 

99 

97 

96 

96 

20 

97 

97 

97 

97 

97 

98 

99 

100 

99 

97 

95 

94 

21 

100 

100 

100 

100 

101 

lOI 

lOI 

lOI 

100 

95 

9» 

91 

22 

99 

99 

99 

98 

98 

99 

99 

99 

98 

98 

97 

97 

23 

101 

lOI 

lOI 

lOI 

102 

102 

102 

«oj 

102 

93 

92 

92 

24 

99 

98 

97 

96 

96 

97 

98 

98 

97 

96 

95 

94 

25 

98 

98 

97 

96 

96 

96 

97 

97 

97 

94 

92 

92 

26 

102 

lOI 

102 

100 

99 

99 

99 

99 

99 

98 

97 

96 

27 

102 

103 

102 

lOI 

lOI 

lOI 

lOI 

102 

lOI 

100 

lOI 

101 

28 

104 

104 

104 

104 

104 

104 

104 

>o3 

103 

103 

102 

102 

29 

108 

108 

107 

107 

106 

106 

107 

106 

105 

106 

104 

103 

30 

105 

105 

105 

105 

105 

105 

105 

105 

105 

103 

102 

[102] 

31 

105 

105 

105 

104 

>o3 

103 

103 

103 

102 

lOI 

lOI 

lOI 

Means 

101-5 

101-4 

ior2  loi-o 

1009 

IOI-3 

101-6 

101-5 

IOO-6 

985 

974 

970 

Diurnal  va- 

riation 

-fio 

-fio 

+07  4-0-6 

+04 

-j-o-9 

-fi-i 

t-ii 

-}-OI 

-1-9 

-31 

—3-4 

REPORT   FOR   1892 — PART   H. 
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MARCH,  1883. 

Value  of  I  division  of  scale  *ooo  147  in  parts  of  V.] 

Local  mean  time. 


13' 

14' 

15" 

i6» 

17" 

i8» 

19^ 

•o^ 

ax» 

2^ 

•3* 

Mid- 
night. 

Daily 
means. 

109 

109 

no 

no 

no 

no 

no 

109 

109 

109 

109 

108 

d. 
108-5 

107 

109 

no 

ni 

in 

in 

in 

no 

no 

no 

no 

no 

1094 

[106]  [106]  [107]  [loS]  [109]  [no] 

no 

109 

108 

108 

J07 

107 

[I08-6] 

103 

105 

107 

108 

109 

no 

no 

109 

109 

108 

108 

107 

io8-2 

105 

105 

107 

107 

107 

loS 

107 

107 

107 

107 

106 

106 

106-5 

102 

104 

104 

104 

104 

104 

104 

104 

104 

104 

104 

105 

104*6 

92 

93 

94 

95 

95 

95 

95 

95 

95 

95 

95 

95 

97*6 

^l 

93 

95 

96 

104 

.103 

103 

«o3 

105 

103 

104 

103 

97-2 

98 

98 

100 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

lOI 

lOI 

lOI 

101*3 

96 

96 

99 

100 

100 

lOI 

100 

100 

100 

100 

100 

100 

994 

91 

92 

94 

95 

96 

96 

97 

97 

96 

96 

95 

96 

968 

92 

93 

94 

95 

95 

95 

96 

95 

94 

93 

93 

93 

94*0 

93 

94 

95 

95 

95 

95 

95 

94 

94 

93 

94 

93 

94*3 

94 

95 

9b 

96 

96 

96 

97 

96 

96 

94 

94 

94 

94  4 

91 

92 

94 

95 

97 

98 

98 

98 

97 

97 

97 

96 

95*6 

94 

95 

96 

97 

99 

99 

99 

99 

98 

98 

97 

97 

96-6 

94 

95 

96 

98 

99 

100 

100 

100 

99 

99 

98 

98 

977 

95 

96 

97 

98 

98 

98 

98 

98 

98 

97 

97 

97 

97-0 

97 

98 

99 

99 

100 

lOI 

lOI 

lOI 

100 

99 

98 

97 

98-5 

95 

96 

97 

99 

99 

100 

100 

100 

99 

99 

98 

98 

97-8 

91 

93 

94 

97 

99 

100 

100 

100 

100 

100 

lOI 

lOI 

982 

97 

98 

100 

100 

lOI 

lOI 

lOI 

102 

102 

lOI 

100 

99 

993 

93 

94 

95 

97 

97 

98 

99 

100 

100 

100 

100 

98 

98-5 

94 

95 

96 

98 

100 

100 

100 

100 

100 

100 

99 

99 

97-6 

92 

93 

94 

96 

97 

99 

100 

99 

100 

100 

lOI 

102 

968 

96 

99 

98 

100 

lOI 

102 

102 

102 

103 

103 

»03 

103 

lOO.I 

99 

lOI 

103 

104 

104 

104 

104 

103 

103 

103 

103 

105 

102-2 

102 

103 

IDS 

106 

106 

106 

107 

106 

107 

106 

106 

108 

1045 

102 

103 

104 

104 

105 

105 

105 

106 

105 

104 

104 

104 

105-2 

[103] 

103 

105 

105 

105 

105 

106 

106 

105 

105 

105 

105 

[104-6] 

lOI 

lOI 

103 

103 

104 

104 

105 

105 

105 

105 

105 

104 

103-4 

973 

98-3 

996 

100-5 

101-4 

xoi-8 

102-0 

101-7 

ioi*6 

101*2 

loi-o 

ioo*9 

100*5 

—3*2 

— 2*1 

— 0-9 

-j-o-i 

+0-9 

+  1-4 

+1-5 

+  1-3 

+I-I 

+0-8 

+0-S 

+0-5 

S.  Ex,  37 19 
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tJ.  8.   COAST   AND   CrEODETIC   SURVEY, 


APRIL,  1883. 


[Increasing  scale  readings  corre^>ond  to  increasing  fofCfu 
Local  mean  time. 


Day  of 
month. 

1* 

•» 

3» 

4* 

s" 

«k 

7* 

8* 

9^ 

10* 

iik 

Noon. 

I 

105 

105 

105 

>o5 

104 

104 

104 

104 

>03 

lOI 

99 

98 

2 

lOI 

100 

lOI 

102 

102 

102 

>03 

103 

lOI 

98 

98 

98 

3 

106 

106 

106 

106 

103 

103 

102 

102 

lOI 

103 

i03 

•^ 

4 

107 

107 

107 

107 

107 

107 

107 

107 

105 

107 

^ 

5 

102 

102 

lOI 

lOI 

102 

103 

104 

103 

102 

97 

96 

96 

6 

97 

97 

96 

96 

96 

96 

98 

98 

97 

94 

93 

94 

7 

98 

97 

97 

96 

96 

97 

97 

98 

98 

97 

97 

97 

8 

104 

104 

103 

102 

103 

103 

104 

105 

104 

102 

100 

99 

9 

104 

104 

104 

104 

104 

104 

105 

106 

105 

102 

lOI 

100 

10 

»03 

102 

102 

102 

102 

103 

»03 

104 

»o3 

lOI 

100 

100 

II 

102 

103 

102 

102 

103 

103 

103 

103 

lOI 

100 

100 

99 

12 

104 

104 

104 

104 

105 

106 

106 

107 

106 

104 

104 

104 

U 

lOI 

lOI 

100 

101 

102 

103 

104 

103 

88 

84 

83 

84 

14 

88 

88 

88 

88 

89 

89 

90 

90 

90 

89 

88 

88 

15 

92 

92 

91 

91 

92 

92 

92 

92 

91 

90 

89 

90 

16 

98 

96 

97 

97 

H 

98 

98 

98 

98 

98 

97 

97 

17 

97 

97 

97 

97 

98 

98 

100 

100 

97 

97 

96 

98 

18 

100 

99 

99 

100 

lOI 

lOI 

103 

104 

'03 

99 

99 

98 

19 

103 

102 

102 

102 

»03 

>o3 

104 

>03 

102 

99 

99 

99 

20 

104 

»03 

»03 

103 

104 

104 

106 

105 

106 

«03 

102 

102 

21 

102 

102 

102 

102 

102 

102 

102 

102 

lOI 

99 

98 

98 

22 

lOI 

103 

lOI 

lOI 

lOI 

102 

102 

»03 

lOI 

lOI 

too 

100 

23 

lOI 

lOI 

101 

lOI 

lOI 

102 

103 

103 

102 

lOI 

100 

100 

24 

105 

105 

105 

104 

105 

104 

104 

103 

lOI 

98 

96 

96 

25 

104 

102 

102 

102 

102 

103 

104 

104 

104 

lOI 

lOl 

lOI 

26 

100 

99 

99 

99 

99 

99 

99 

99 

98 

93 

94 

95 

27 

96 

97 

97 

96 

96 

97 

96 

97 

96 

94 

95 

96 

28 

95 

96 

96 

97 

96 

96 

96 

95 

94 

93 

93 

94 

29 

97 

97 

97 

97 

97 

97 

97 

97 

96 

99 

98 

99 

30 

103 

104 

104 

104 

104 

104 

105 

104 

103 

lOI 

100 

100 

Means 

1007 

1005 

1003 

100-3 

ioo'5 

IOO-8 

ioi'4 

101-4 

999 

982 

97-2 

97'4 

Diurnal  va- 

riation 

-f-O-e  -j-CS  -j-O'2 

+0"3 

+0-4 

+0-8 

+1-3 

+1-4 

— 02 

—1-8 

—2-9 

—2-6 

REPORT  FOR  1892 — PART  IL 
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APRIL,  1883. 

Valttt  of  I  dirision  of  scale,  '000141  in  puts  of  V.] 

Local  mean  time. 


13* 

t4^ 

X5^ 

16* 

,7^ 

i8k 

19^ 

M^ 

ai» 

aak 

as* 

Mid- 
night 

Daily 
means. 

98 

98 

lOI 

102 

103 

104 

I04 

103 

103 

102 

lOI 

100 

I02-3 

98 

100 

lOI 

102 

103 

104 

106 

105 

105 

104 

104 

104 

101-9 

«03 

102 

105 

106 

108 

109 

109 

108 

108 

108 

109 

109 

«o5-3 

99 

99 

100 

102 

104 

104 

104 

103 

103 

102 

102 

102 

1037 

97 

97 

99 

lOI 

102 

lOI 

100 

100 

100 

99 

99 

97 

lOO-O 

9§ 

97 

98 

99 

99 

100 

100 

99 

99 

99 

98 

98 

97-2 

98 

98 

99 

100 

lOI 

104 

105 

104 

103 

103 

102 

102 

993 

99 

lOI 

102 

102 

I04 

104 

105 

104 

104 

104 

104 

104 

I02'9 

lOI 

lOl 

103 

104 

105 

104 

104 

»03 

103 

103 

102 

102 

1033 

lOI 

lOI 

102 

103 

103 

105 

105 

104 

104 

103 

103 

102 

I02'5 

lOI 

lOI 

102 

103 

104 

103 

103 

102 

103 

103 

103 

102 

102- 1 

104 

103 

104 

104 

»03 

102 

lOI 

100 

100 

100 

100 

100 

^033 

86 

86 

86 

88 

90 

90 

89 

89 

89 

89 

89 

89 

923 
898 

SS 

88 

89 

90 

92 

92 

92 

92 

92 

92 

91 

91 

89 

90 

92 

94 

95 

97 

97 

97 

96 

96 

97 

97 

930 

98 

98 

99 

99 

99 

100 

lOI 

100 

100 

99 

98 

98 

983 

98 

100 

lOI 

102 

103 

«03 

102 

102 

lOI 

100 

100 

99 

99*3 

98 

99 

lOI 

102 

104 

105 

105 

103 

104 

101 

lOI 

103 

ioi'3 

99 

99 

lOI 

lOI 

103 

>o3 

103 

104 

104 

103 

103 

>03 

I02'0 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

lOI 

I02 

102 

102 

102 

I02-6 

97 

97 

98 

100 

100 

lOI 

102 

102 

101 

101 

lOI 

lOI 

1005 

100 

100 

100 

102 

103 

103 

102 

102 

102 

102 

101 

lOI 

101*4 

100 

100 

lOI 

102 

103 

103 

103 

103 

103 

103 

104 

104 

101*9 

95 

95 

98 

99 

102 

104 

105 

104 

104 

105 

104 

104 

101*9 

lOI 

lOI 

ICX> 

X02 

101 

101 

lOI 

100 

100 

100 

98 

98 

101*4 

95 

95 

97 

97 

97 

97 

97 

96 

96 

96 

95 

95 

969 

97 

97 

98 

97 

97 

96 

96 

96 

95 

95 

95 

95 

96*1 

95 

95 

95 

95 

96 

97 

97 

96 

96 

96 

95 

95 

95*4 

100 

lOI 

102 

103 

104 

105 

105 

104 

103 

103 

>03 

103 

100*2 

101 

102 

103 

105 

los 

107 

107 

106 

105 

105 

105 

104 

1038 

977 

983 

99*3 

100-3 

lOI'I 

ior6 

1017 

lOI'I 

100*9 

IOO-6 

1003 

lOO-I 

100*1 

—2-4 

-17 

-08 

+0-3 

+  I-0 

+1-6 

+1-6 

+11 

+0-8 

+0-6 

+o-a 

+0-I 
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U.  8.  COAST  AND   GEODETIC  SURVEY, 


OCTOBER,  1883. 

[Increasinft  Male  rcadjnfs  correspond  to  increttiiif  force. 


Local 

mean  time. 

^ 

Day  of 
month. 

1* 

^ 

3^ 

4* 

^ 

6k 

7* 

S" 

9^ 

10^ 

ii» 

Noon. 

I 

102 

102 

lOI 

102 

102 

102 

103 

102 

lOI 

100 

99 

99 

2 

103 

104 

104 

104 

104 

105 

105 

105 

104 

100 

99 

99 

3 

97 

97 

97 

97 

97 

97 

97 

97 

97 

96 

96 

^ 

4 

lOI 

102 

102 

102 

102 

103 

104 

104 

103 

99 

98 

98 

5 

102 

103 

103 

104 

104 

106 

107 

106 

106 

103 

103 

102 

6 

102 

102 

102 

102 

lOI 

lOI 

101 

101 

101 

lOI 

lOI 

101 

7 

104 

104 

104 

104 

104 

104 

104 

104 

104 

100 

100 

99 

8 

99 

lOI 

lOI 

102 

103 

•°^ 

104 

104 

103 

100 

98 

97 

9 

97 

97 

97 

97 

97 

98 

98 

97 

97 

96 

^ 

10 

100 

lOI 

lOI 

102 

102 

103 

104 

104 

104 

100 

99 

9« 

II 

103 

104 

i03 

103 

>03 

f04 

105 

104 

103 

102 

100 

100 

12 

106 

106 

105 

105 

los 

105 

106 

106 

104 

102 

lOI 

100 

13 

102 

102 

102 

102 

lOI 

102 

102 

101 

100 

98 

98 

96 

14 

104 

104 

103 

103 

>03 

102 

103 

102 

lOI 

100 

100 

100 

«S 

104 

104 

103 

103 

103 

103 

103 

103 

lOI 

99 

98 

99 

16 

lOI 

99 

99 

lOI 

lOI 

102 

102 

102 

lOI 

97 

96 

96 

17 

100 

99 

99 

100 

99 

99 

100 

100 

99 

97 

96 

97 

18 

99 

99 

99 

99 

99 

99 

99 

99 

98 

^7 

96 

97 

19 

99 

lOI 

lOI 

102 

102 

102 

«03 

103 

lOI 

99 

98 

97 

20 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

100 

97 

95 

94 

21 

97 

97 

97 

98 

98 

98 

99 

99 

97 

94 

94 

P 

22 

100 

100 

lOI 

101 

102 

102 

102 

102 

lOI 

98 

97 

23 

99 

98 

98 

98 

98 

98 

97 

97 

96 

9« 

98 

97 

24 

102 

102 

102 

103 

103 

103 

104 

104 

103 

103 

102 

lOI 

25 

105 

105 

105 

105 

105 

105 

105 

los 

104 

104 

104 

»03 

26 

106 

106 

106 

107 

108 

108 

108 

108 

X08 

106 

105 

105 

27 

108 

108 

108 

109 

109 

109 

109 

no 

109 

103 

102 

102 

28 

105 

105 

106 

106 

106 

107 

108 

107 

106 

lOI 

98 

97 

29 

102 

102 

102 

lOI 

101 

102 

102 

lOI 

100 

96 

94 

93 

30 

95 

96 

95 

96 

96 

96 

96 

96 

95 

95 

94 

93 

31 

100 

100 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

100 

98 

97 

96 

Means 

ioi'5 

IOI-6 

101-5 

101*9 

101*9 

I02*3 

102*6 

102*5 

101*5 

99*4 

985 

98-0 

Diurnal  va- 

riation 

+1-5 -fr6 

+1-5  +1-9 

+1-9 

+2*3 

+2*6 

+2*5 

-fi-5 

-0-6 

-1-5 

-^•0 
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OCTOBER,  1883. 
Vftlue  of  s  diriaion  of  acalt,  'oooiol  in  parts  of  V.] 


Local  meui  time. 

13" 

14^ 

«5* 

itfk 

IT* 

18^ 

«9^ 

•0^ 

tik 

9^ 

-3* 

Mid- 
niglit 

DaUy 

means. 

99 

99 

99 

98 

98 

99 

98 

99 

100 

lOI 

lOI 

102 

1003 

99 

99 

99 

99 

99 

99 

99 

98 

97 

97 

96 

96 

100-5 

97 

97 

97 

97 

97 

97 

97 

98 

98 

99 

99 

100 

97*3 

97 

98 

97 

96 

97 

97 

98 

98 

99 

100 

lOI 

102 

99.9 

102 

102 

lOI 

lOI 

100 

100 

100 

100 

101 

lOI 

lOI 

lOI 

^1025 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

102 

102 

103 

103 

101-5 

100 

100 

100 

99 

99 

100 

100 

100 

100 

100 

100 

100 

101-4 

96 

95 

95 

9| 

94 

95 

95 

96 

95 

96 

96 

97 

983 

95 

96 

95 

96 

96 

98 

98 

99 

99 

99 

99 

100 

97*3 

97 

96 

97 

97 

99 

100 

lOI 

lOI 

lOI 

102 

103 

104 

100-7 

100 

100 

lOI 

lOI 

lOI 

102 

102 

103 

103 

103 

103 

104 

102*4 

101 

lOI 

102 

102 

102 

102 

102 

102 

102 

102 

103 

103 

103- 1 

98 

99 

99 

100 

100 

100 

101 

102 

102 

103 

103 

104 

100-7 

100 

100 

100 

100 

100 

100 

lOI 

101 

102 

102 

103 

103 

101-5 

98 

98 

98 

98 

98 

99 

99 

100 

99 

100 

100 

lOI 

100-5 

96 

96 

96 

97 

96 

97 

97 

97 

97 

98 

98 

99 

984 

96 

97 

97 

97 

96 

96 

97 

97 

97 

97 

98 

99 

-  97*9 

96 

96 

96 

96 

96 

95 

9§ 

96 

96 

97 

98 

98 

973 

97 

97 

97 

98 

97 

96 

96 

97 

98 

99 

99 

100 

99-1 

94 

94 

93 

93 

93 

94 

93 

93 

94 

95 

96 

94 

967 

93 

94 

94 

94 

94 

96 

95 

96 

96 

96 

97 

97 

96-0 

95 

95 

94 

94 

95 

96 

97 

96 

97 

97 

97 

98 

98-0 

98 

98 

99 

99 

99 

100 

100 

100 

lOI 

lOI 

101 

lOI 

987 

lOI 

101 

100 

100 

100 

102 

102 

102 

»o3 

103 

«03 

104 

102-2 

»03 

104 

104 

104 

104 

104 

104 

105 

IC4 

los 

106 

106 

104-5 

r'''^ 

106 

107 

106 

107 

107 

107 

107 

108 

108 

107 

107 

106-8 

[lOl] 

lOI 

loi 

lOI 

lOI 

lOI 

102 

102 

103 

104 

104 

105 

104-7 

96 

96 

95 

95 

95 

96 

96 

98 

99 

99 

100 

100 

100-7 

93 

93 

92 

92 

92 

92 

93 

93 

94 

^ 

95 

95 

96-4 

94 

94 

94 

94 

94 

95 

96 

96 

97 

98 

.99 

99 

95-5 

96 

96 

95 

95 

95 

96 

96 

97 

98 

98 

99 

99 

983 

979 

980 

97*9 

97.9 

979 

985 

98-6 

991 

99*4 

999 

1003 

locyj 

lOOX) 

—21 

— 2-0 

--2-I 

~2-I 

—2-1 

-1-5 

—1-4 

— 0*9 

-0-6 

-0^1 

-f 0-3  -fo-7 
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U.  8.   C0A8T  AND   GEODETIC   SURVEY. 


NOVEMBER,  1883. 

[Incre&^ng  scale  readings  correspond  to  Increasing  foroa. 


Loca] 

1  mean  time. 

Day  of 

month. 

I* 

sk 

3^ 

4' 

5* 

6» 

t' 

8k 

9^ 

lolk 

Ilk 

Noon. 

I 

99 

99 

98 

99 

99 

98 

100 

99 

98 

98 

97 

97 

2 

106 

105 

105 

105 

105 

106 

107 

106 

105 

104 

103 

102 

3 

107 

107 

107 

107 

107 

108 

108 

loS 

108 

109 

108 

108 

4 

III 

III 

III 

III 

112 

"3 

"3 

"3 

III 

103 

103 

102 

5 

108 

108 

109 

109 

no 

in 

112 

"3 

112 

105 

102 

lOI 

6 

lOI 

lOI 

lOI 

100 

100 

100 

102 

lOI 

lOI 

103 

103 

102 

7 

109 

109 

109 

109 

109 

no 

112 

III 

108 

105 

104 

103 

8 

107 

107 

107 

107 

107 

loS 

107 

106 

104 

94 

93 

91 

9 

97 

97 

97 

98 

98 

98 

99 

98 

96 

93 

91 

89 

10 

96 

95 

96 

97 

97 

98 

99 

99 

98 

95 

94 

93 

II 

96 

96 

96 

96 

97 

98 

99 

99 

98 

93 

91 

90 

12 

95 

95 

95 

95 

95 

96 

97 

97 

96 

97 

96 

95 

13 

104 

104 

104 

104 

104 

105 

106 

106 

105 

105 

104 

104 

14 

no 

no 

no 

no 

in 

112 

114 

112 

in 

104 

102 

102 

15 

no 

no 

III 

III 

III 

"3 

114 

114 

112 

105 

103 

102 

16 

107 

107 

106 

107 

107 

107 

107 

106 

105 

104 

103 

102 

17 

"3 

"3 

"3 

"3 

"3 

114 

115 

114 

"3 

107 

106 

104 

18 

114 

"5 

116 

116 

116 

"7 

117 

"7 

116 

109 

107 

106 

19 

no 

no 

no 

III 

III 

112 

112 

"3 

112 

no 

108 

108 

20 

III 

112 

"3 

114 

114 

115 

116 

116 

116 

103 

lOI 

99 

21 

99 

99 

100 

100 

100 

lOO 

100 

100 

100 

98 

97 

97 

22 

105 

105 

106 

106 

106 

105 

106 

io6 

106 

102 

lOI 

100 

23 

106 

107 

107 

107 

107 

loS 

108 

109 

107 

105 

104 

103 

24 

105 

106 

106 

107 

108 

108 

109 

109 

loS 

106 

103 

102 

25 

104 

104 

104 

104 

104 

105 

105 

105 

104 

99 

98 

97 

26 

9^ 

98 

99 

99 

99 

100 

100 

100 

99 

97 

96 

95 

27 

98 

98 

99 

100 

100 

100 

lOI 

lOI 

99 

98 

96 

95 

28 

96 

97 

97 

98 

98 

98 

99 

99 

97 

96 

94 

92 

29 

98 

98 

99 

100 

100 

lOI 

lOI 

lOI 

100 

99 

97 

96 

30 

102 

lOI 

102 

lOI 

lOI 

lOI, 

102 

102 

100 

98 

97 

97 

Means 

104- 1 

1 04*  I 

104*4  104*7 

1049 

105-5 

I06'2 

1060 

1048 

101-5 

loo-i 

991 

Diurnal  va- 

riation 

+  1*9 +1*9 +2*2 

+2-5  +27 

+3'i  +4-0 

+3-8 

+2-6 

— 07 

—2-1 

— 3-1 
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NOVEMBER,  1883. 


Value  of  I  division  of  scale,  '000104  in  parts  of  V.] 


Local  mean  time. 


987   98-5    986     987     991    100-5    'oo'9    ioi'3    io'7    I02'3    103*0    103*4 
— 3*5— 37  — 3'6  — 35    — 3*i    —'7   — 1'3   — 0*9  — O'S    +0'i    +0'S   +V2 


13^ 

«4^ 

«s^ 

lek 

«7* 

i8h 

«9> 

90^ 

91^ 

»k 

»3* 

Mid- 
night. 

DaUy 
means. 

97 

96 

96 

97 

97 

lOI 

103 

104 

104 

104 

105 

105 

996 

102 

102 

103 

103 

103 

104 

104 

105 

106 

107 

109 

no 

104-9 

107 

107 

108 

108 

108 

108 

107 

107 

108 

108 

109 

109 

107-8 

102 

>03 

104 

104 

105 

107 

107 

106 

106 

107 

107 

107 

107-5 

100 

100 

100 

100 

100 

100 

102 

102 

lOI 

lOI 

lOI 

lOI 

104-5 

103 

102 

103 

103 

103 

104 

105 

106 

107 

107 

108 

109 

103-1 

103 

103 

103 

103 

103 

103 

105 

105 

106 

106 

107 

108 

106*4 

91 

90 

90 

90 

90 

91 

92 

93 

93 

94 

95 

96 

97-6 

88 

88 

87 

87 

&S 

92  . 

92 

93 

93 

93 

94 

94 

93*3 

92 

92 

92 

92 

91 

91 

93 

94 

94 

95 

95 

95 

947 

90 

89 

89 

89 

90 

92 

92 

92 

93 

93 

94 

94 

93*6 

95 

95 

95 

95 

98 

lOI 

lOI 

102 

102 

103 

103 

103 

97-6 

103 

103 

102 

102 

103 

104 

106 

107 

107 

109 

no 

no 

1050 

lOI 

lOI 

102 

102 

103 

105 

105 

106 

106 

107 

108 

108 

1068 

102 

102 

lOI 

102 

102 

104 

104 

104 

105 

105 

105 

106 

• 

io6'6 

102 

102 

102 

103 

104 

105 

105 

107 

108 

109 

no 

no 

105-6 

104 

104 

104 

104 

105 

no 

no 

III 

III 

112 

113 

"3 

II  0*0 

105 

105 

106 

106 

106 

106 

106 

^  106 

107 

107 

108 

109 

no*  I 

107 

106 

106 

106 

106 

107 

107 

107 

108 

108 

no 

III 

109-0 

98 

99 

98 

99 

99 

100 

100 

99 

99 

99 

99 

99 

104-9 

97 

98 

98 

98 

100 

100 

100 

• 

lOI 

102 

103 

102 

103 

997 

100 

99 

99 

98 

98 

100 

100 

lOI 

102 

103 

103 

104 

102*5 

103 

102 

lOf 

lOI 

lOI 

lOI 

lOI 

102 

102 

103 

103 

104 

104*3 

lOI 

100 

100 

100 

lOI 

lOI 

lOI 

lOI 

102 

102 

»o3 

103 

103.8 

97 

96 

96 

96 

95 

96 

96 

96 

96 

97 

97 

98 

99*5 

94 

93 

93 

93 

93 

•  93 

94 

94 

94 

95 

96 

96 

962 

93 

92 

92 

91 

91 

91 

91 

91 

92 

93 

95 

95 

95*5 

9« 

90 

90 

90. 

91 

95 

95 

96 

96 

96 

97 

97 

95*2 

95 

96 

97 

98 

99 

lOI 

102 

lOI 

lOI 

102 

lOI 

102 

99*4 

98 

99 

100 

100 

100 

lOI 

lOI 

lOI 

lOI 

102 

103 

103 

100-5 

S.  Ex.  37 20 
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U.  fiL   COAST   AND   GEODETIC   SURVEY. 


DECEMBER,  1883. 

[Increasing  scale  readings  correspond  to  increadng  force. 
Local  mean  time. 


Day  of 

month. 

1* 

ah 

3* 

4^ 

5* 

6» 

7* 

8k 

9^ 

lok 

II* 

Noon. 

I 

103 

104 

103 

103 

103 

104 

104 

104 

102 

98 

96 

97 

2 

lOI 

lOI 

100 

100 

lOI 

101 

lOI 

lOI 

95 

91 

89 

88 

3 

96 

97 

97 

97 

97 

97 

98 

98 

97 

92 

92 

92 

4 

97 

97 

98 

98 

98 

98 

99 

99 

99 

93 

94 

93 

5 

lOI 

102 

103 

104 

104 

105 

106 

106 

104 

lOI 

100 

98 

^ 

"03 

103 

104 

104 

105 

105 

107 

107 

106 

103 

lOI 

99 

7 

102 

102 

102 

103 

103 

104 

104 

104 

103 

102 

98 

96 

8 

103 

«03 

104 

105 

105 

105 

105 

105 

105 

104 

lOI 

97 

9 

102 

102 

102 

102 

102 

102 

.102 

103 

103 

lOI 

99 

98 

10 

102 

103 

J03 

103 

104 

104 

105 

106 

105 

100 

99 

98 

II 

lOI 

102 

103 

103 

104 

104 

104 

104 

'03 

lOI 

98 

96 

12 

102 

102 

103 

'03 

104 

104 

105 

105 

104 

102 

101 

100 

13 

102 

102 

102 

102 

'03 

104 

104 

105 

105 

J  03 

lOI 

100 

14 

102 

103 

103 

103 

103 

104 

104 

105 

105 

103 

lOI 

100 

15 

^ 

98 

97 

96 

96 

95 

95 

95 

93 

93 

92 

90 

16 

95 

95 

94 

94 

93 

94 

92 

92 

93 

94 

92 

93 

17 

103 

100 

100 

lOI 

100 

100 

99 

99 

99 

97 

96 

95 

18 

108 

109 

108 

109 

108 

108 

108 

100 

107 

99 

97 

97 

19 

106 

106 

106 

106 

106 

107 

107 

107 

109 

97 

96 

94 

20 

96 

97 

96 

96 

96 

96 

96 

96 

97 

95 

94 

93 

21 

lOI 

102 

102 

*o3 

103 

J  03 

103 

103 

102 

J  03 

lOI 

100 

22 

106 

106 

107 

107 

108 

108 

108 

109 

no 

>03 

lOI 

lOI 

23 

106 

107 

108 

108 

109 

109 

110 

III 

III 

103 

100 

98 

24 

94 

94 

94 

95 

96 

96 

96 

96 

97 

95 

93 

91 

25 

96 

96 

97 

98 

99 

100 

lOI 

102 

103 

93 

93 

91 

26 

93 

92 

93 

93 

93 

94 

93 

95 

96 

94 

103 

99 

27 

98 

98 

98 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

100 

98 

28 

102 

102 

102 

>03 

103 

103 

104 

104 

104 

101 

99 

98 

29 

102 

103 

102 

■04 

104 

105 

105 

106 

106 

'03 

lOI 

too 

30 

100 

100 

lOI 

102 

102 

103 

104 

105 

105 

105 

102 

lOI 

31 

102 

103 

103 

104 

104 

104 

106 

106 

107 

104 

103 

lOI 

Means 

1007 

lOI'O  lOI'I 

ioi*6 

ior8 

102*2 

102-5 

102-8 

102-5 

99-2 

97-5 

96-8 

Diurnal  va- 

riation 

-fi-5  4-1-8 +1-9 +2-4 

+2-6 

+3*0 

+3*3 

+3-6 

+3*3 

o-o 

—1-7 

—2-4 
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DECEMBER,  1883. 


Value  of  I  division  of  scale,  'oooioo  In  parts  of  V.] 


Local  mean  time. 


13*         14*         15*        16*        17* 


18^         19*         ao*  •!*         aa* 


•3" 


Mid- 
night 


Daily 
means. 


97 

98 

97 

97 

97 

100 

99 

100 

100 

100 

100 

100 

1003 

88 

88 

9' 

90 

92 

93 

94 

94 

94 

94 

96 

96 

95-0 

93 

94 

94 

94 

94 

94 

95 

96 

96 

96 

97 

97 

954 

93 

93 

94 

95 

95 

96 

97 

98 

98 

98 

100 

lOI 

967 

97 

97 

98 

97 

97 

99 

100 

100 

100 

100 

102 

102 

lOI-O 

98 

99 

99 

98 

98 

99 

99 

99 

100 

lOI 

lOI 

lOI 

ior6 

95 

94 

94 

95 

96 

100 

100 

100 

lOI 

lOI 

102 

103 

100*2 

97 

98 

98 

98 

98 

99 

99 

100 

100 

101 

102 

102 

101-4 

98 

98 

97 

98 

99 

100 

100 

lOI 

101 

lOI 

lOI 

lOI 

ioo'5 

98 

97 

95 

95 

98 

99 

98 

99 

•  99 

'  100 

lOI 

lOI 

100-5 

95 

95 

94 

95 

95 

96 

97 

98 

99 

100 

lOI 

lOI 

99*5 

97 

98 

97 

98 

99 

99 

99 

100 

lOI 

100 

102 

10 1 -o 

99 

98 

98 

98 

98 

99 

100 

lOI 

lOI 

lOI 

lOI 

102 

IOI'2 

97 

99 

99 

99 

100 

97 

97 

98 

97 

96 

97 

96 

lOO-J 

93-8 

90 

9» 

90 

92 

92 

94 

94 

94 

95 

95 

94 

94 

93 

93 

95 

96 

97 

99 

98 

99 

99 

100 

100 

100 

95-4 

94 

95 

98 

100 

lOI 

105 

106 

106 

107 

108 

108 

109 

ion 

97 

97 

97 

98 

99 

103 

103 

103 

103 

«03 

104 

104 

'03*3 

93 

93 

93 

93 

95 

94 

94 

94 

95 

95 

95 

95 

990 

93 

93 

93 

95 

96 

100 

100 

100 

100 

lOI 

lOI 

lOI 

967 

lOI 

lOI 

102 

102 

104 

los 

104 

104 

105 

105 

105 

105 

I02'9 

lOI 

lOI 

lOI 

lOI 

103 

X03 

102 

103 

103 

104 

104 

105 

104-4 

97 

96 

95 

97 

97 

94 

93 

93 

93 

93 

94 

94 

100*7 

90 

89 

89 

88 

89 

89 

90 

% 

92 

93 

94 

94 

927 

90 

88 

88 

88 

88 

89 

88 

90 

90 

90 

91 

933 

97 

96 

95 

95 

95 

95 

95 

96 

96 

98 

98 

98 

95-5 

96 

96 

97 

97 

97 

99 

99 

lOO 

100 

lOI 

102 

102 

99*4 

99 

98 

97 

98 

98 

99 

99 

99 

99 

100 

100 

lOI 

100-5 

98 

97 

95 

95 

95 

96 

96 

96 

97 

99 

99 

99 

lOO-I 

98 

98 

98 

97 

98 

98 

99 

99 

99 

100 

lOI 

lOI 

100*7 

101 

99 

98 

97 

98 

98 

98 

98 

99 

100 

lOl 

102 

101*5 

95-8 

957 

957 

96-0 

967 

977 

97-8 

98-3 

986 

992 

997 

100^ 

992 

—3-4 

-3-5 

-3-5 

—3-2 

—2-5 

— 1-5 

—1-4 

— 0^ 

— 0-6 

0^ 

+0-S 

+08 

308 


U.  6.  COAST   AND   GEODETIC  SUBVET. 


JANUARY,  1884. 

[Increulng  acmle  readings  corretpond  to 
Load  mean  time. 


incrauinc  fovos* 


Day  of 
month 

1* 

^ 

3* 

4* 

5 

^ 

7* 

8k 

9^ 

n> 

Ilk 

Noon. 

I 

103 

104 

105 

106 

108 

109 

ilO 

III 

IIO 

107 

103 

102 

2 

104 

104 

104 

104 

104 

104 

105 

105 

105 

lOI 

99 

[99] 

3 

97 

98 

H 

97 

98 

97 

97 

98 

97 

98 

94 

93 

4 

99 

99 

98 

98 

98 

98 

97 

98 

97 

95 

93 

92 

5. 

105 

105 

103 

103 

103 

103 

102 

103 

102 

103 

98 

97 

6 

103 

103 

103 

104 

104 

104 

104 

103 

102 

99 

97 

96 

7 

107 

107 

106 

106 

106 

106 

106 

107 

106 

104 

99 

97 

8 

107 

107 

107 

107 

107 

107 

109 

109 

109 

103 

lOI 

99 

9 

104 

105 

104 

105 

105 

105 

106 

106 

105 

99 

95 

92 

10 

98 

98 

98 

98  , 

.  97 

97 

99 

99 

99 

95 

92 

91 

II 

98 

98 

99 

too 

100 

lOI 

lOl 

103 

102 

102 

99 

99 

12 

102 

102 

102 

lOI 

102 

lOI 

102 

102 

lOI 

100 

98 

97 

13 

107 

107 

107 

107 

106 

107 

107 

107 

106 

lOI 

97 

97 

14 

104 

104 

104 

103 

103 

104 

104 

104 

104 

105 

104 

103 

IS 

104 

105 

105 

105 

105 

105 

105 

106 

105 

lOI 

100 

99 

16 

106 

106 

107 

107 

107 

107 

108 

108 

107 

104 

100 

100 

17 

106 

106 

107 

106 

106 

107 

108 

107 

106 

102 

99 

98 

18 

lOI 

102 

102 

102 

103 

103 

103 

104 

lOI 

99 

97 

97 

19 

102 

102 

102 

102 

103 

103 

103 

103 

103 

lOI 

98 

98 

20 

103 

104 

104 

104 

104 

104 

105 

105 

104 

100 

96 

94 

21 

lOI 

102 

102 

102 

103 

103 

103 

105 

104 

104 

102 

100 

22 

105 

106 

106 

107 

107 

107 

107 

107 

105 

88 

84 

83 

23 

94 

94 

93 

94 

94 

94 

94 

^1 

93 

94 

92 

90 

24 

103 

103 

103 

103 

104 

104 

'^5 

106 

105 

102 

99 

97 

25 

106 

106 

106 

106 

106 

108 

108 

109 

108 

96 

92 

92 

26 

95 

96 

97 

96 

96 

97 

98 

98 

97 

93 

90 

91 

27 

95 

95 

95 

95 

95 

96 

96 

96 

96 

95 

93 

92 

28 

93 

93 

93 

93 

93 

94 

94 

94 

94 

95 

93 

91 

29 

94 

94 

93 

94 

94 

94 

95 

95 

95 

95 

93 

92 

30 

96 

96 

96 

96 

96 

96 

97 

96 

96 

93 

91 

88 

31 

93 

93 

93 

9G 

92 

92 

93 

93 

93 

97 

96 

94 

Means 

lOI-I 

101*4 

101*3 

101*4 

IOI-6 

IOI-8 

I02*3 

I02'6 

101-5 

99*1 

963 

95-2 

Diumal  va- 

nation 

+  I'0 

+  1-3  4-1-2 

+  1-3 

+1-5 

+17 

-J-2-2 

4-2*5 

-fi-4 

—1*0 

-3-8 

— 4'9 
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JANUARY,  1884. 


Value  of  I  dlylslon  of  sctle,  'oooioo.  In  parts  of  V.] 


Local  meantime. 


«3^ 

«4* 

15' 

i^ 

IT*" 

j9^ 

19* 

»> 

aik 

aak 

a^ 

Mid- 
nlKht 

DaUy 
means. 

102 

102 

103 

102 

lOI 

102 

103 

103 

103 

103 

103 

103 

d, 
I04S 

[99]  [98] 

[98] 

[97] 

[97] 

[97] 

[97] 

[96] 

[96] 

[96] 

96 

97 

[loo-i] 

94 

96 

97 

99 

102 

lOI 

101 

100 

100 

100 

99 

99 

97*9  ; 

92 

95 

99 

«03 

los 

106 

106 

los 

los 

105 

105 

104 

997 

98 

100 

102 

105 

107 

107 

106 

105 

los 

105 

103 

104 

103- 1 

96 

98 

99 

102 

103 

109 

109 

109 

108 

108 

107 

108 

103-3 

98 

100 

103 

104 

105 

107 

106 

105 

104 

103 

102 

108 

104-3 

98 

99 

100 

103 

102 

103 

104 

105 

105 

los 

104 

105 

104-4 

93 

94 

96 

97 

97 

99 

100 

99 

99 

99 

99 

99 

loo-o 

91 

92 

94 

95 

95 

96 

96 

97 

97 

97 

98 

98 

96-1 

H 

99 

99 

99 

100 

lOI 

lOI 

102 

103 

103 

103 

103 

IOO-5 

98 

99 

100 

lOI 

lOI 

104 

105 

106 

107 

107 

107 

107 

I02-2 

99 

100 

lOI 

lOI 

lOI 

104 

104 

104 

104 

104 

104 

104 

103-6 

104 

104 

104 

104 

103 

104 

103 

103 

103 

104 

105 

106 

103*9 

100 

100 

lOI 

lOI 

102 

104 

104 

104 

104 

los 

105 

106 

103-4 

100 

lOI 

102 

103 

104 

104 

104 

104 

104 

104 

105 

105 

104-5 

98 

99 

99 

100 

100 

lOI 

100 

100 

100 

100 

lOI 

102 

I02'4 

97 

98 

100 

100 

100 

99 

100 

100 

lOI 

lOI 

lOI 

lOI 

100-5 

98 

99 

100 

lOI 

lOI 

104 

103 

103 

103 

103 

103 

103 

ioi*7 

95 

96 

98 

100 

lOI 

102 

lOI 

100 

100 

lOI 

lOI 

lOI 

loi-o 

100 

lOI 

103 

105 

106 

108 

107 

105 

105 

105 

los 

106 

103-6 

84 

85 

87 

90 

102 

95 

95 

95 

95 

95 

94 

94 

968 

90 

91 

92 

95 

98 

106 

105 

105 

104 

105 

los 

lOS 

968 

98 

100 

lOI 

102 

103 

105 

105 

105 

106 

106 

106 

106 

103-2 

93 

95 

95 

94 

95 

98 

97 

96 

96 

97 

98 

98 

99-8 

93 

93 

93 

94 

94 

96 

95 

95 

95 

95 

95 

95 

94-9 

92 

92 

93 

94 

94 

94 

94 

94 

94 

94 

94 

94 

94-3 

92 

92 

93 

93 

94 

95 

94 

94 

94 

94 

94 

94 

93-5 

92 

93 

94 

94 

95 

96 

95 

95 

96 

96 

96 

96 

94-4 

89 

90 

91 

92 

94 

96 

95 

94 

94 

94 

94 

94 

93-9 

93 

92 

93 

95 

95 

99 

98 

98 

98 

98 

98 

99 

94*9 

95-6 

965 

977 

989 

99.9 

101*4 

lOI'I 

IOO-8 

100-9 

101*0 

101*0 

ioi*4 

100*1 

-4-5 

-3-6 

—2-4 

— 1'2 

— 0-2 

+  1-3 

+  I-0 

+0-7 

-I-0-8 

+0*9 

+0*9  +1-3 

310 


U.  &  COAST  AND  GEODETIC  SURVEY. 


FEBRUARY.  1884. 

[Increasinf  scale  readinga  cormpond  to  increasiiif  fofot. 
Load  mean  time. 


Day  of 
month. 

ik 

^ 

3* 

4' 

^ 

^ 

f' 

8k 

9^ 

IO» 

Ilk 

Noon. 

I 

98 

98 

98 

98 

98 

98 

98 

99 

99 

lOI 

99 

99 

2 

lOI 

102 

lOI 

lOI 

lOI 

102 

102 

102 

103 

109 

107 

105 

3 

106 

106 

106 

106 

106 

106 

105 

106 

106 

106 

104 

102 

4 

io8 

107 

107 

107 

107 

107 

107 

107 

107 

lOI 

100 

98 

5 

100 

99 

100 

100 

100 

100 

100 

lOI 

100 

lOi 

99 

97 

6 

lOI 

lOI 

lOI 

lOI 

102 

103 

103 

103 

ID3 

lOI 

99 

^ 

7 

99 

99 

100 

99 

99 

99 

100 

100 

lOI 

100 

99 

98 

8 

100 

100 

lOI 

lOI 

102 

102 

103 

104 

103 

102 

101 

99 

9 

104 

104 

104 

104 

104 

104 

105 

107 

107 

107 

106 

104 

10 

105 

105 

104 

104 

104 

104 

104 

104 

105 

103 

102 

100 

II 

102 

102 

102 

102 

lOI 

100 

100 

lOI 

100 

100 

99 

98 

12 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

100 

98 

97 

95 

i3 

99 

99 

100 

100 

100 

100 

lOI 

102 

lOI 

99 

97 

97 

14 

100 

lOI 

lOI 

102 

103 

104 

105 

105 

102 

lOI 

99 

99 

15 

100 

lOl 

102 

102 

102. 

103 

103 

104 

103 

102 

100 

97 

16 

99 

98 

98 

98 

98 

97 

97 

97 

98 

104 

103 

lOI 

17 

102 

102 

102 

102 

lOI 

lOI 

lOI 

101 

lOI 

101 

99 

98 

18 

lOI 

I02 

102 

102 

102 

103 

103 

103 

103 

104 

103 

101 

19 

104 

105 

104 

105 

105 

106 

106 

107 

105 

103 

lOI 

99 

20 

104 

104 

104 

105 

105 

105 

los 

105 

105 

103 

102 

100 

21 

97 

97 

97 

98 

9? 

98 

98 

99 

99 

97 

96 

96 

22 

98 

97 

97 

97 

98 

98 

99 

100 

98 

93 

92 

9i 

23 

99 

100 

100 

100 

lOl 

102 

102 

102 

100 

96 

94 

92 

a4 

lOl 

100 

100 

99 

100 

lOI 

100 

lOI 

99 

99 

9« 

96 

25 

104 

104 

IDS 

102 

102 

103 

'03 

104 

103 

102 

100 

98 

26 

100 

100 

100 

99 

99 

99 

100 

lOI 

100 

loi 

100 

99 

27 

102 

lOI 

lOI 

lOI 

100 

100 

99 

100 

98 

97 

96 

95 

28 

106 

106 

105 

103 

103 

103 

103 

104 

105 

lOI 

98 

96 

29 

98 

97 

98 

97 

96 

97 

98 

96 

95 

95 

91 

92 

Means 

101-3 

IOI-3 

ioi'4 

101*2 

iof3 

101*6 

IOI-8 

I02'3 

101-7 

100-9 

99*3 

979 

Diurnal  va- 

riation 

+0-8 

4-0-9  -|-o*9  4-0-8 

-fo'8 

-f  1*2 

4-1-3 

4-1-9 

4-1-2 

4-0-5 

—  f2 

—2-5 
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FEBRUARY,  1884. 

Value  of  I  diyltion  of  fcale,  '000104  in  parts  of  V.] 

Local  mean  time. 


«3^ 

«4* 

15* 

1^ 

17* 

18* 

19* 

ao* 

9lk 

33k 

»3^ 

Mid- 
night. 

Daily 
mean's. 

97 

98 

99 

100 

lOI 

103 

102 

lOl 

lOI 

lOI 

lOI 

lOI 

d, 
995 

105 

105 

105 

107 

108 

109 

108 

108 

108 

108 

108 

107 

105- 1 

102 

103 

105 

106 

107 

107 

108 

108 

107 

loS 

108 

107 

105-9 

97 

97 

97 

98 

98 

99 

100 

100 

100 

100 

100 

100 

1020 

96 

95 

96 

97 

98 

99 

99 

100 

99 

99 

99 

100 

989 

97 

97 

98 

99 

100 

100 

lOI 

lOI 

lOI 

101 

100 

100 

1005 

97 

96 

96 

97 

98 

99 

99 

100 

100 

100 

100 

100 

990 

97 

97 

98 

98 

100 

lOI 

102 

102 

102 

103 

104 

104 

lOII 

103 

102 

102 

102 

103 

104 

104 

104 

105 

105 

105 

105 

104*3 

98 

98 

97 

98 

100 

lOI 

102 

lOI 

102 

102 

102 

102 

102-0 

98 

98 

99 

100 

100 

100 

100 

99 

100 

100 

100 

100 

1000 

94 

94 

94 

94 

94 

96 

95 

95 

96 

96 

97 

98 

97-5 

96 

95 

96 

97 

98 

99 

98 

98 

98 

99 

99 

99 

98-6 

98 

97 

97 

97 

100 

lOI 

100 

99 

99 

99 

99 

99 

100-3 

96 

96 

97 

98 

98 

99 

99 

98 

98 

98 

98 

99 

997 

loi 

lOI 

lOI 

lOI 

102 

>03 

102 

102 

lOI 

lOI 

lOI 

lOl 

IOO-2 

97 

98 

98 

98 

99 

lOI 

100 

100 

100 

100 

100 

100 

100- 1 

100 

100 

100 

102 

102 

104 

>03 

103 

103 

103 

103 

104 

102-3 

99 

99 

99 

99 

100 

102 

102 

102 

102 

102 

102 

102 

102-5 

99 

99 

99 

lOI 

98 

98 

97 

97 

96 

97 

97 

97 

IOO-9 

95 

97 

99 

lOI 

95 

105 

105 

104 

«o3 

lOI 

100 

9S 

989 

99 

89 

90 

91 

93 

98 

98 

98 

98 

98 

98 

99 

96-1 

92 

92 

92 

94 

95 

100 

100 

lOI 

101 

102 

100 

lOI 

983 

96 

97 

98 

99 

lOl 

104 

103 

104 

104 

103 

104 

104 

100-5 

^ 

98 

98 

99 

101 

103 

103 

102 

102 

101 

lOI 

lOI 

101-5 

98 

98 

100 

100 

102 

103 

102 

102 

102 

102 

102 

102 

100-5 

95 

95 

96 

97 

98 

107 

107 

107 

107 

106 

106 

105 

100-7 

95 

97 

98 

98 

98 

100 

100 

99 

99 

99 

99 

99 

\      IOO-6 

93 

91 

93 

94 

95 

97 

98 

98 

97 

98 

100 

99 

960 

1 

1 

97'5    97*2     97*8     98-7     99-4    101-4    ioi'3    loi'i    loi-i    ioi*i    loi-i  loi-i 
— 3'0 — 3*2   — 2-7   — 1*7    — I'l    +''0   -\-0'%   -\-o"]    -fo*6   -|-o-7    -f o*^ +0*7 


loo'S 
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U.  8.   COAST  AND   GEOPETIC   SURVEY. 


APRIL,  1884. 

pDcreasing  scale  readiogi  correspond  to 
Local  mean  tiois. 


Day  of 
month. 

i» 

^ 

1^ 

4* 

5* 

^ 

t' 

8» 

9* 

10^ 

II* 

Noon. 

I 

103 

103 

103 

103 

103 

104 

104 

104 

103 

99 

96 

94 

2 

103 

103 

103 

102 

103 

103 

102 

103 

lOI 

97  . 

95 

95 

3 

102 

lOI 

lOI 

lOI 

102 

103 

103 

103 

lOI 

97 

95 

93 

4 

102 

102 

lOI 

lOI 

lOI 

lOI 

102 

102 

99 

96 

95 

92 

5 

lOI 

102 

102 

102 

103 

104 

104 

102 

100 

98 

9» 

98 

6 

104 

104 

103 

103 

104 

104 

104 

104 

lOI 

98 

98 

97 

7 

106 

106 

106 

106 

105 

106 

106 

104 

102 

97 

96 

96 

8 

103 

103 

103 

103 

103 

103 

103 

103 

100 

97 

96 

95 

9 

104 

103 

[I02][l02]  [100]  [100] 

[9«] 

[98] 

L96] 

[93] 

95 

96 

10 

100 

lOI 

100 

100 

lOI 

101 

100 

99 

95 

93 

93 

93 

II 

99 

100 

100 

100 

lOI 

lOI 

102 

102 

100 

102 

102 

lOI 

12 

105 

105 

104 

105 

105 

106 

104 

104 

lOI 

lOI 

lOI 

lOI 

13 

103 

103 

'O3 

103 

103 

104 

104 

103 

102 

100 

too 

98 

14 

100 

100 

100 

100 

100 

lOI 

lOl 

100 

98 

99 

98 

98 

15 

103 

103 

103 

103 

103 

103 

lOI 

100 

99 

99 

99 

99 

16 

102 

lOI 

lOI 

lOI 

lOI 

lOI 

100 

100 

98 

96 

96 

97 

17 

100 

lOI 

lOI 

100 

lOI 

lOI 

100 

99 

96 

95 

94 

94 

18 

99 

100 

100 

100 

100 

100 

too 

lOI 

98 

97 

96 

95 

19 

94 

94 

96 

96 

96 

96 

96 

96 

94 

92 

90 

90 

20 

95 

95 

95 

96 

96 

97 

97 

97 

95 

97 

96 

95 

21 

98 

98 

98 

98 

99 

100 

99 

99 

97 

96 

94 

94 

22 

100 

100 

100 

100 

lOI 

102 

lOI 

100 

98 

[96] 

[94] 

[94] 

23 

[97]  [97]  [96]  [96] 

[97] 

[95] 

[95] 

[95] 

[94] 

93 

9m  ^       *  ^ 

91 

91 

24 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

too 

98 

96 

94 

94 

25 

104 

103 

103 

102 

103 

103 

103 

'03 

lOI 

lOI 

lOI 

lOI 

26 

104 

104 

103 

103 

■103 

104 

104 

104 

103 

lOI 

99 

98 

27 

104 

104 

104 

104 

104 

105 

104 

103 

lOI 

lOI 

lOI 

101 

28 

106 

107 

107 

107 

108 

109 

108 

107 

107 

106 

105 

104 

29 

99 

99 

100 

100 

100 

100 

lOI 

100 

100 

99 

99 

98 

30 

102 

102 

102 

102 

102 

103 

102 

102 

100 

97 

96 

95 

Means 

101*4 

101-5 

ioi'4 

IOI-3 

ior6 

1020 

101*6 

101*2 

99*3 

97-6 

968 

96*2 

Diurnal  va- 

, 

riation 

+17 +17  4-17 +1*5  4-1-9 

-f  2-2 

+1*9 

-+-»'4  • 

-o*4  - 

— 2'2  ■ 

—2*9 

-3-6 

REPORT  FOR  1892 — ^PART  IL 
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APRIL,  1884. 


Value  of  1  dlTlslon  of  tcde,  ^oooxxa  in  parts  of  V.] 


Local  mean  timeu 


t3* 

«4* 

15* 

16k 

«7* 

x8h 

«9> 

flO^ 

•Ik 

aa^ 

•3* 

Mid- 
night. 

DaUy 
meant. 

95 

96 

98 

99 

100 

102 

102 

102 

102 

102 

102 

102 

ioo'9 

95 

96 

^l 

98 

99 

102 

102 

103 

102 

102 

103 

lOI 

100-4 

93 

95 

96 

97 

99 

102 

102 

102 

102 

102 

lOI 

lOI 

99-8 

92 

92 

94 

96 

98 

lOI 

102 

102 

102 

102 

102 

102 

99*1 

97 

96 

97 

98 

99 

103 

104 

104 

104 

104 

104 

104 

101*2 

97 

99 

100 

102 

103 

105 

105 

106 

106 

106 

106 

106 

I02*7 

96 

98 

100 

lOI 

102 

103 

103 

103 

102 

103 

.102 

103 

I02*2 

96 

97 

100 

lOI 

lOI 

102 

«03 

103 

103 

103 

103 

104 

10I-2 

98 

98 

99 

100 

100 

100 

99 

99 

100 

100 

100 

100 

[99*2] 

93 

94 

96 

97 

98 

99 

99 

99 

99 

99 

100 

100 

979 

lOI 

100 

lOI 

102 

102 

102 

102 

.  102 

103 

103 

103 

104 

101*5 

100 

100 

lOI 

102 

102 

103 

102 

102 

102 

>o3 

102 

102 

102*6 

98 

98 

98 

98 

99 

100 

100 

100 

100 

100 

102 

lOI 

ioo*8 

98 

98 

98 

98 

99. 

lOI 

100 

100 

lOI 

102 

102 

103 

99-8 

99 

99 

100 

lOI 

99 

102 

lOI 

lOI 

102 

102 

102 

102 

loro 

97 

96 

96 

97. 

98 

99 

99 

99 

98 

98 

99 

99 

987 

94 

93 

94 

96 

96 

98 

99 

99 

100 

100 

99 

99 

979 

95 

94 

94 

95 

94 

96 

95 

96 

95 

96 

95 

95 

96-9 

89 

89 

89 

90 

9» 

95 

96 

94 

95 

96 

96 

96 

93*6 

95 

95 

95 

96 

96 

98 

99 

98 

99 

99 

99 

99 

96-6 

94 

93 

94 

94 

95 

99 

99 

99 

99 

99 

99. 

99 

97-2 

[94]  [94] 

[94] 

[94] 

[95] 

[95] 

[96] 

[97] 

[98] 

[98] 

[98I 

[98] 

[97*41 
[96-3] 

91 

91 

92 

93 

100 

100 

lOI 

100 

lOI 

lOI 

lOI 

103 

94 

95 

98 

100 

99 

104 

104 

104 

105 

106 

104 

104 

100-3 

lOI 

lOI 

lOI 

lOI 

lOI 

103 

104 

103 

104 

104 

104 

105 

102-5 

99 

99 

99 

100 

100 

100 

99 

100 

100 

102 

103 

104 

101-5 

lOI 

102 

>03 

103 

'03 

104 

104 

104 

100 

105 

106 

106 

103-2 

102 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

100 

103-9 

98 

98 

97 

98 

98 

100 

100 

100 

lOI 

lOI 

102 

102 

99-6 

95 

[95] 

[94] 

89 

[94] 

94 

93 

94 

94 

93 

92 

94 

[96-9] 

96*2 

964 

97-2 

97*9 

987 

100*4 

100*5 

100-5 

ioo*7 

lOI'I 

lOI'I 

I0I-3 

997 

-3-5 

-3-4 

-2-5 

-1-9 

— i-o 

-I-0-6 

-fo*8 

+07 

+i*o 

+1-3 

+1-4 

+1-5 
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U.  B.  COAST  AND  QEODETIC  SUBVET. 


MAY,  1884. 

Pncreasing  scale  readings  correspond  to  locretrfng  forc«. 
Local  mean  time. 


Day  of 
month. 

ik 

«k 

3' 

4* 

5^ 

6k 

T*" 

8k 

9* 

i<> 

Ilk 

Noon. 

I 

91 

92 

^2 

u 

94 

95 

95 

94 

92 

92 

[92]  [92] 

2 

97 

98 

98 

99 

100 

lOI 

100 

99 

93 

93 

92 

3 

98 

97 

97 

97 

97 

97 

97 

95 

93 

94 

93 

94 

4 

99 

99 

99 

98 

99 

100 

100 

99 

98 

97 

97 

97 

5 

104 

104 

104 

105 

106 

106 

[106] 

[io5]  [103] 

102 

100 

100 

6 

ro2 

102 

lOI 

lOI 

102 

103 

103 

102 

100 

99 

^ 

9« 

7 

103 

103 

102 

103 

103 

104 

104 

103 

102 

108 

108 

107 

8 

112 

112 

III 

III 

112 

112 

112 

112 

III 

108 

108 

107 

9 

112 

III 

III 

112 

112 

"3 

"3 

112 

no 

104 

•°9i 

lOI 

10 

104 

104 

104 

104 

104 

104 

104 

104 

102 

96 

95 

II 

lOI 

102 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

91 

87 

86 

87 

12 

96 

96 

96 

96 

96 

96 

95 

95 

94 

95 

94 

94 

13 

97 

97 

97 

97 

96 

97 

97 

97 

96 

88 

!Z 

88 

14 

93 

93 

93 

93 

93 

93 

93 

92 

90 

88 

88 

88 

IS 

92 

91 

91 

92 

92 

92 

.92 

91 

89 

87 

85 

86 

16 

91 

91 

91 

92 

92 

92 

92 

91 

9« 

91 

90 

90 

17 

92 

92 

92 

92 

92 

92 

92 

92 

91 

91 

91 

90 

18 

94 

94 

94 

94 

94 

94 

93 

93 

91 

91 

92 

92 

19 

95 

95 

95 

95 

95 

95 

94 

93 

92 

93 

93 

93 

20 

94 

94 

94 

95 

95 

95 

95 

93 

93 

93 

93 

93 

21 

95 

95 

95 

95 

96 

96 

97 

97 

96 

96 

95 

94 

22 

97 

97 

97 

96 

96 

97 

97 

96 

95 

95 

94 

94 

23 

lOI 

lOI 

lOI 

lOI 

102 

102 

102 

102 

lOI 

lOI 

99 

99 

24 

102 

102 

102 

102 

102 

103 

>03 

102 

lOI 

lOI 

100 

99 

25 

102 

102 

102 

102 

102 

103 

>03 

102 

lOI 

99 

99 

100 

26 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

102 

102 

lOI 

100 

98 

98 

27 

102 

102 

103 

103 

103 

los 

105 

105 

103 

98 

97 

^l 

28 

102 

lOI 

lOI 

lOI 

102 

103 

103 

102 

100 

99 

98 

98 

29 

102 

102 

102 

102 

103 

103 

103 

102 

lOI 

100 

100 

99 

30 

lOI 

lOI 

100 

100 

lOI 

lOI 

lOI 

lOI 

100 

99 

98 

98 

31 

lOI 

lOI 

lOI 

lOI 

102 

102 

102 

102 

lob 

100 

99 

99 

Means 

991 

991 

990 

991 

99*5 

99.9 

99*9 

99*3 

97-6 

963 

95-6 

95*5 

Diurnal  va- 

riation 

-I-0-9  -|-o-9  -|-o-8  +0'g 

-hi-3 

+  17 

+  1-7 

4-I-I 

— o*6 

—1-9 

— 2*6 

-2-7 
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MAY,  1884. 
Value  of  I  division  of  tcale,  '000091  ia  parts  of  V.] 

Local  mean  time. 


«3" 


>4" 


15" 


z6» 


17- 


i8k 


,9^ 


9q)^ 


•I' 


-^   Mid- 
"^   night 


[91]  [91] 

92  92 

94  94 

97  97 

98  99 


98  99 

98  98 

98  99 

100  lOI 

98  99 


[91] 
93 
94 
98 

99 


100 

99 
99 

lOI 

100 


98 
94 

95 
98 

99 


98 

98 

99 

99 

106 

105 

106 

108 

108 

109 

no 

III 

lOI 

102 

103 

105 

94 

95 

97 

99 

87 

88' 

87 

87 

94 

•  94 

95 

97 

88 

89 

89 

90 

88 

89 

89 

89 

87 

87 

87 

88 

89 

89 

90 

90 

89 

88 

88 

90 

92 

92 

92 

92 

94 

93 

93 

93 

94 

94 

94 

95 

94 

93 

94 

95 

94 

94 

94 

96 

99 

99 

lOI 

lOI 

100 

lOI 

lOI 

lOI 

99 

100 

100 

lOI 

100 

99 
99 

lOI 

100 


[97] 

95 
96 

99 
100 

102 
108 
III 
106 
100 

88 

95 

9> 
90 

89 

91 

91 
93 
94 
95 

96 
96 

lOI 
lOI 

100 


96 

97 

99 
103 

102 

103 
no 
112 
105 
102 

94 
98 
92 
92 
90 

92 

92 
94 
94 
97 

97 
too 

lOI 

102 
100 


100  102 

99  100 

100  lOI 

101  lOI 
100  lOI 


95 

97 

99 
103 

102 

103 
no 
III 
105 
102 

95 

97 
92 

9" 
90 

91 
93 
94 
94 
97 

97 
100 

lOI 

102 

lOI 

102 
100 

lOI 

102 

lOI 


99 
J03 
103 

103 
no 
III 
105 
102 

94 

97 
92 

92 
89 

9» 
93 
94 

94 
96 

97 
101 

lOI 

102 

lOI 

102 

lOI 
lOI 
lOI 
lOI 


96 
98 

100 
104 

103 
103 

no 
112 
105 
102 

96 

97 
92 
92 
90 

91 
93 
94 
94 
96 

97 
102 

lOI 

102 

lOI 

103 

lOI 

102 

lOI 
lOI 


96 
98 

100 
104 
104 

103 

in 
112 
105 
102 

95 
97 
92 
92 
90 

91 
93 
94 

94 
96 

97 
102 

102 
103 

lOI 

103 
100 
102 

lOI 
lOI 


97 

99 
100 

105 

104 

104 
III 
112 
los 
103 

95 

97 
92 

93 
90 

92 

93 

95 

95 
96 

96 
102 
102 
103 

lOI 

103 
101 
102 
102 

lOI 


99   99  ['oo]  [loo]  [100]  [100]  [100]  [100]  100   loi   100 


98 

99 
100 

105 

103 

104 
112 
112 
105 
103 

96 

97 
93 
93 
91 

92 

94 
96 

94 
96 

96 
102 
102 
103 

lOI 

103 

lOI 
lOI 
lOI 
lOI 

99 


Daily 
means. 


95*4   957     9^*2     97* '     97'6     99*0     99*0     99*0     99*3     99*4     997   99-8 
— 2-8 —2*5    — 2-0   — ri    — 06   -fo-8   -f-o-8   -|-o-8   -fi-i    +''2   4-i'5 -|-i-6 


[950] 
967 
96*6 
99.9 

[1025] 

ioi'3 
io6*5 
110*8 
106-9 
ioo*9 

94*2 
95-8 
928 
91*1 

895 

91-0 
91-5 
93'2 

939 
947 

957 

97*2 

loro 

1017 

lOIO 
lOI'O 

IOO-8 
ioo'6 
1013 
101*2 

[1003] 


» -  '"^ 
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U.  &  COAST  AND  GEODETIC  SURVEY. 


JUNE,  i82$4. 
[Increasing  acale  readings  correspond  to  Increulng  forM. 
Local  mean  time. 


Day  of 
month. 

1* 

•^ 

3* 

4* 

s* 

6* 

7* 

8^ 

9^ 

IO» 

Ilk 

Nooo. 

I 

98 

98 

97 

98 

100 

100 

100 

99 

98 

96 

95 

96 

2 

94 

94 

93 

94 

95 

96 

96 

96 

94 

88 

87 

90 

3 

92 

90 

89 

90 

90 

90 

90 

90 

89 

«7 

87 

87 

4 

9" 

90 

89 

88 

88 

89 

89 

88 

87 

86 

86 

87 

5 

95 

95 

94 

94 

93 

95 

95 

94 

93 

90 

88 

87 

6 

99 

98 

98 

97 

97 

98 

98 

97 

96 

94 

93 

92 

7 

98 

98 

98 

98 

97 

98 

99 

98 

96 

92 

93 

93 

.  8 

lOI 

100 

100 

99 

100 

100 

lOI 

lOI 

too 

96 

96 

96 

9 

"7 

116 

116 

"7 

"7 

"7 

"7 

"7 

116 

III 

III 

"3 

lO 

115 

114 

"3 

"3 

"3 

114 

114 

114 

"3 

112 

III 

no 

II 

116 

"5 

"5 

114 

114 

"5 

114 

"3 

112 

109 

107 

106 

12 

109 

108 

108 

108 

108 

108 

108 

107 

105 

104 

104, 

103 

'3 

104 

103 

103 

102 

102 

102 

102 

lOI 

96 

92 

01 

92 

U 

94 

93 

92 

92 

91 

91 

91 

91 

90 

87 

to 

86 

15 

91 

91 

90 

90 

89 

89 

89 

88 

88 

«5 

85 

85 

i6 

95 

95 

94 

94 

94 

94 

94 

9« 

90 

88 

88 

92 

17 

104 

104 

104 

103 

104 

105 

104 

'03 

99 

91 

89 

9» 

i8 

102 

102 

102 

102 

102 

102 

102 

100 

98 

95 

92 

9« 

19 

103 

102 

103 

«03 

103 

104 

103 

102 

100 

98 

96 

97 

20 

104 

104 

104 

104 

104 

104 

105 

104 

103 

100 

lOI 

lOI 

21 

106 

106 

105 

105 

106 

107 

106 

106 

104 

105 

los 

105 

22 

109 

109 

109 

109 

109 

109 

109 

109 

108 

105 

los 

104 

23 

107 

106 

103 

106 

104 

104 

>03 

104 

103 

100 

99 

98 

24 

106 

105 

105 

105 

103 

103 

103 

103 

103 

lOI 

102 

103 

25 

112 

III 

no 

no 

no 

109 

no 

no 

no 

109 

109 

no 

26 

118 

116 

114 

112 

III 

no 

in 

III 

102 

96 

96 

96 

27 

106 

105 

104 

104 

104 

105 

105 

105 

lOI 

99 

96 

95 

28 

106 

105 

103 

103 

103 

104 

103 

103 

99 

92 

91 

93 

29 

102 

100 

99 

100 

100 

99 

100 

100 

99 

96 

95 

97 

30 

lOI 

lOI 

99 

99 

98 

99 

98 

98 

98 

103 

los 

no 

Means 

103*2  102-5 

102*1 

IOI-8 

101*6 

I02'0 

I02*0 

ioi'4 

997 

969 

96-3 

96-9 

Diumal  va- 

riation 

+1-6 

-fo-9  +0*5  -f 0*2 

0^ 

4-0*4 

4-0-4 

— 0*2 

—1*9 

—47 

-5-3 

—47 
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JUNE,  1884. 

Value  of  I  division  of  scale,  '000089,  ^^  pvts  of  V.] 

Local  mean  time. 


«3* 

14^ 

«s^ 

x6fc 

XT' 

x8h 

19* 

90^ 

ai^ 

9^ 

•3^ 

Mid- 
night. 

DaUy 
meamt. 

d. 

96 

96 

97 

98 

98 

98 

100 

100 

99 

98 

97 

96 

97-8 

90 

90 

91 

92 

93 

96 

95 

95 

95 

94 

92 

92 

930 

87 

87 

87 

88 

90 

91 

91 

92 

91 

91 

91 

91 

90*0 

86 

87 

88 

90 

91 

95 

95 

95 

95 

95 

95 

94 

90-2 

87 

87 

88 

90 

92 

97 

98 

99 

99 

99 

98 

98 

935 

90 

91 

93 

98 

99 

102 

lOI 

100 

100 

99 

99 

98 

970 

94 

96 

98 

99 

lOI 

lOI 

100 

100 

100 

100 

100 

100 

97-8 

96 

96 

98 

lOI 

103 

103 

"5 

114 

114 

"5 

115 

"5 

103-2 

114 

«I3 

114 

115 

116 

118 

"7 

117 

"7 

116 

116 

"5 

115-5 

III 

112 

114 

114 

"5 

"7 

"7 

116 

"5 

116 

116 

"5 

"3*9 

107 

107 

108 

109 

no 

no 

no 

109 

108 

108 

108 

108 

110-5 

103 

104 

104 

105 

105 

105 

105 

104 

102 

102 

102 

102 

105- 1 

91 

91 

92 

93 

93 

95 

95 

95 

94 

94 

93 

93 

96-2 

86 

86 

88 

SS 

86 

92 

92 

92 

92 

91 

91 

90 

900 

86 

87 

89 

91 

92 

93 

96 

97 

95 

95 

95 

94 

90-4 

93 

95 

97 

99 

lOI 

106 

106 

106 

105 

104 

104 

102 

97-0 

92 

95 

97 

99 

100 

104 

104 

104 

102 

lOl 

lOI 

lOI 

1 00-0 

93 

95 

99 

lOI 

102 

104 

105 

105 

104 

105 

103 

102 

100-3 

99 

100 

102 

103 

104 

106 

106 

106 

105 

104 

104 

103 

1023 

103 

103 

104 

104 

105 

106 

105 

105 

105 

105 

105 

104 

103-8 

106 

107 

108 

108 

108 

109 

no 

no 

109 

no 

no 

109 

107-1 

104 

104 

104 

106 

107 

III 

112 

112 

III 

III 

III 

109 

io8-2 

99 

99 

lOI 

102 

103 

106 

106 

106 

iq6 

106 

106 

106 

103-5 

104 

«o3 

104 

107 

108 

"5 

115 

"5 

114 

114 

"3 

112 

106-9 

III 

III 

112 

114 

116 

125 

125 

125 

124 

122 

121 

"7 

114-3 

97 

98 

98 

100 

102 

108 

109 

no 

109 

107 

106 

106 

1060 

98 

102 

104 

107 

109 

114 

116 

"5 

"4 

"3 

no 

109 

1058 

97 

99 

99 

100 

103 

109 

108 

108 

107 

104 

lOI 

102 

101-7 

97 

98 

99 

100 

103 

107 

108 

107 

106 

105 

104 

lOI 

100.9 

112 

III 

III 

113 

116 

108 

108 

109 

108 

107 

106 

104 

I05I 

97-6 

983 

996 

lori 

102-4 

105-0 

105-7 

1056 

104-8 

1044 

1038 

I02'9 

IOI-6 

—40 

— 33 

— 20 

-05 

+08 

+3-4 

+4-1 

+4-0 

+3-2 

-f2-8 

-f-2'2 

+1-3 
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U.   8.   COAST  AND   GEODETIC   BUBVEY. 


JULY,  1884. 

[Inereaslns  scale  reaiUngs  cormpond  to 
Local  mean  time. 


iacreailiif  fofoih 


Day  of 
month. 

I* 

^ 

3^ 

4' 

5* 

6k 

7* 

8k 

^ 

i<> 

Ilk 

Nooo. 

I 

104 

103 

lOI 

lOI 

100 

100 

100 

lOI 

102 

lOI 

lOl 

lOI 

2 

3 

4 

106 

103 

103 

102 

lOI 

100 

100 

99 

99 

[981 

[99]  [100] 

[i04][i03][io2][ioi]  [loi]  [101] 

[lOl]  [ITO] 

[99] 

[97] 

95 

"96 

5 

103 

102 

lOI 

lOI 

lOI 

102 

102 

102 

101 

lOI 

lOI 

lOI 

6 

"3 

112 

112 

112 

no 

III 

in 

ill 

108 

95 

94 

94 

7 

106 

los 

104 

104 

104 

104 

104 

I04 

lOI 

98 

99 

99 

8 

107 

106 

105 

104 

104 

104 

106 

105 

104 

102 

lOI 

102 

9 

112 

III 

no 

109 

109 

108 

109 

109 

102 

100 

99 

100 

10 

no 

no 

109 

108 

108 

107 

107 

107 

107 

107 

107 

109 

II 

118 

119 

118 

118 

117 

"7 

"5 

"5 

"5 

107 

107 

107 

12 

110 

no 

109 

109 

108 

109 

in 

109 

106 

99 

99 

98 

13 

106 

106 

105 

106 

106 

106 

»03 

102 

98 

93 

93 

95 

H 

104 

104 

102 

102 

lOI 

100 

too 

100 

99 

97 

96 

96 

»5 

99 

98 

97 

96 

95 

94 

94 

94 

93 

96 

96 

97 

16 

lOI 

lOI 

98 

97 

95 

95 

96 

96 

90 

84 

84 

86 

17 

9» 

90 

90 

89 

89 

90 

91 

89 

87 

80 

80 

80 

18 

128 

127 

126 

126 

125 

125 

126 

125 

119 

96 

95 

96 

19 

103 

lOI 

lOI 

99 

98 

98 

99 

98 

92 

78 

80 

80 

20 

97 

95 

94 

93 

94 

94 

94 

94 

91 

90 

91 

93 

21 

lOI 

100 

98 

98 

98 

98 

98 

97 

94 

89 

88 

89 

22 

106 

105 

105 

105 

105 

106 

108 

107 

102 

94 

94 

2^ 

23 

"3 

III 

no 

109 

109 

109 

•  109 

109 

lOI 

89 

87 

87 

24 

104 

103 

7 

103 

103 

104 

104 

101 

98 

95 

^ 

94 

25 

99 

99 

99 

99 

99 

100 

99 

96 

89 

89 

90 

26 

98 

97 

96 

95 

96 

96 

95 

95 

90 

87 

88 

r, 

27 

102 

lOI 

100 

98 

99 

99 

98 

97 

93 

86 

86 

28 

99 

98 

98 

96 

97 

97 

97 

96 

92 

85 

86 

86 

29 

95 

95 

95 

95 

95 

95 

94 

93 

91 

88 

87 

88 

30 

103 

103 

103 

103 

103 

103 

102 

102 

100 

96 

96 

95 

31 

93 

92 

92 

90 

91 

90 

90 

89 

83 

86 

86 

87 

Means 

1045  1037 

I02-8 

I02'3 

I02'0 

1020 

102-I 

101-5 

984 

93*4 

93*3 

940 

Diurnal  va- 

riation 

-f2-8+i-9-fi-i 

4-0-5 

+0-3 

-fO'2 

-fo-4 

-0-3 

-3-3" 

-8-4  - 

-8-4 

-7-8 
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JULY,  1884. 


Value  "t  I  division  ol  «;ialc  'ocno^ft  in  paits  of  V.l 


I.oral  mean  time. 


i;»' 

14" 

t.O 

ir> 

17" 

18" 

to" 

20'' 

ai" 

23* 

a;' 

Mi.J- 
ni^lit. 

Daily 
means. 

1 

d. 

«f^3 

105 

105 

107 

108 

n6 

"5 

"5 

114 

112 

no 

107 

1055 

I0l][l02l  [lO^I  [104]  [105]  [!(>*•,]  [107] 

[106]  [io5l  [105]  [105]  [io5l 

[1027] 

'96 

'  9S 

00 

lOI 

102 

104 

"105 

105 

105 

»a? 

«<V) 

102 

[lOIO] 

«o3 

104 

100 

no 

112 

nS 

n8 

117 

n6 

"5 

"5 

"5 

1070 

<,6 

.9<> 

loi 

104 

»o5 

no 

100 

108 

108 

106 

106 

105 

1058 

101 

»^.5 

<f\S 

loS 

|0<) 

ni 

ni 

ni 

ni 

no 

109 

107 

«o5-3 

10? 

'<^5 

107 

lot) 

no 

"3 

"3 

»i4 

114 

114 

114 

112 

1074 

101 

102 

104 

105 

IO<) 

112 

ni 

n2 

n2 

ni 

ni 

no 

107-4 

no 

no 

n2 

i»4 

i»5 

120 

120 

120 

"9 

120 

119 

n8 

n2-2 

laS 

100 

III 

ni 

n2 

".? 

114 

"3 

n2 

112 

n2 

n2 

n2  9 

yo 

9n 

101 

loS 

IO») 

109 

loS 

107 

104 

104 

104 

105 

105-6 

on 

07 

oS 

oS 

100 

102 

108 

109 

106 

105 

1 00 

103 

I02-0 

r;(i 

07 

00 

UK) 

102 

10.? 

102 

102 

lOI 

100 

00 

99 

100.0 

9« 

yS 

90 

100 

If^.? 

I  of) 

4 

106 

105 

104 

102 

100 

100 

988 

8S 

91 

0.? 

«>.? 

95 

97 

98 

98 

97 

95 

*)3 

92 

930 

81 

S2 

84 

So 

I'.? 

IJ4 

135 

»34 

K^} 

13^ 

i3'> 

128 

IOO-8 

97 

00 

IfX) 

102 

1^5 

KK) 

10<) 

109 

IO<) 

105 

104 

«o3 

no-9 

82 

•^5 

8S 

00 

01 

08 

loi 

102 

101 

102 

100 

99 

944 

95 

06 

97 

loi 

102 

IOf» 

106 

106 

105 

104 

i03 

101 

97-6 

(K) 

94 

07 

00 

lOI 

ni 

112 

112 

ni 

in 

109 

107 

IfX)"f 

gS 

00 

101 

107 

ICV) 

no 

"5 

114 

114 

114 

'15 

113 

io6-2 

So 

02 

04 

oe. 

<)<» 

101 

»<»3 

»03 

»<^3 

I  a? 

'O.J 

103 

ioi\? 

95 

i,(\ 

oS 

00 

irxT 

lOI 

102 

I()0 

loi 

ICM) 

lOI 

101 

1000 

91 

02 

04 

9(, 

97 

101 

loi 

102 

100 

I  Of) 

99 

08 

970 

on 

02 

o» 

oS 

100 

if^S 

106 

In6 

105 

IO| 

»o3 

102 

97-0 

SS 

ss 

')2 

05 

97 

101 

102 

102 

10^) 

90 

90 

08 

90- 1 

^7 

So 

01 

9.^ 

0? 

./. 

96 

9() 

Oh 

0^) 

*)5 

94 

937 

01 

91 

oS 

I  Of) 

102 

1 06 

105 

'as 

104 

104 

104 

102 

O^VO 

95 

97 

00 

102 

102 

102 

102 

loi 

99 

97 

07 

94 

99S 

c^ 

02 

94 

^5 

9S 

98 

99 

99 

99 

99 

90 

98 

929 

953    0^)0   98 8    iDio    io;-5    107-5    108-0    107-8    io(V8    io6-i    1050    104-4  ■      101-7 
(.'4  -40    -20       0-8     i  1-8     15-7    46-3    -l-rro    -}5-i    -t4*3     I  3*9     f  2-f> 


S.  Kx.  :J7 21 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Ar«;rsT,  1S84. 

(Imrcasinu  stale  readiiif»s(oncsp«»ii«1  to  iiurcaMnn^  foicc. 


I.o<.ul  iiicHi)  time. 


Dav  nf 
inMiith. 

ifc 

-> 

3* 

4^ 

5" 

i> 

7' 

b" 

•)^ 

10* 

l|k 

Noon. 

I   : 

97 

07 

07 

97 

gS 

99 

0«> 

97 

02 

J^4 

S3 

S3 

2 

04 

02 

02 

02 

03 

04 

94 

02 

SS 

82 

81 

84 

^ 
.> 

SS 

•^7 

X7 

86 

S7 

^7 

•^7 

«7 

N7 

H 

R4 

H 

4 

107 

107 

i<y> 

105 

IfS 

105 

»'>5 

»<»5 

X'3 

101 

»03 

105 

5     i 

1 

III 

IfK) 

IO() 

108 

loS 

loS 

loS 

107 

»<'5 

102 

103 

ick4 

6    ■ 

114 

"3 

"3 

112 

112 

112 

112 

112 

no 

107 

109 

III 

1 

"'5 

114 

114 

"3 

112 

112 

<»3 

112 

106 

104 

104 

106 

8 

lit) 

IIO 

119 

IK) 

116 

"5 

114 

112 

106 

99 

98 

101 

^     ; 

log 

loS 

108 

107 

106 

IO«» 

106 

105 

102 

96 

95 

96 

10     1 

1 

102 

101 

lOI 

lOI 

lOl 

lOI 

102 

99 

94 

82 

84 

85 

II 

100 

(19 

IO(l 

99 

09 

100 

loo 

98 

93 

86 

87 

88 

12 

96 

90 

06 

gh 

90 

97 

97 

95 

91 

So 

82 

83 

'3 

95 

'^S 

95 

05 

94 

94 

94 

92 

89 

74 

74 

74 

'4 

91 

9< 

gi 

gi 

90 

go 

QO 

88 

H 

7« 

80 

81 

'5 

96 

96 

96 

95 

95 

90 

96 

• 

96 

94 

92 

94 

95 

16 

112 

"3 

112 

ill 

III 

112 

112 

III 

108 

107 

109 

no 

17 

"3 

112 

112 

112 

111 

III 

III 

109 

oS 

94 

94 

94 

iS 

IOf» 

105 

104 

104 

105 

106 

107 

105 

to.s 

too 

lOI 

102 

19 

107 

105 

105 

105 

105 

105 

105 

»<\s 

90 

96 

95 

96 

20 

IO«.> 

09 

97 

09 

100 

lOI 

lOI 

gS 

07 

97 

97 

98 

21 

'f>5 

104 

102 

lOI 

102 

lOI 

102 

100 

06 

00 

90 

9» 

22 

97 

95 

94 

92 

92 

01 

01 

02 

04 

97 

100 

102 

^3 

110 

no 

«»5 

114 

"4 

114 

114 

114 

113 

no 

108 

loS 

24 

107 

107 

lf\'> 

J^»5 

105 

106 

104 

Kx» 

07 

88 

86 

X7 

-5 

122 

122 

121 

120 

121 

122 

120 

IIO 

114 

»^3 

lOI 

103 

26 

109 

108 

106 

I  oh 

107 

107 

106 

105 

00 

93 

91 

92 

27 

99 

09 

98 

oS 

90 

100 

00 

03 

SS 

•^3 

82 

85 

28 

94 

02 

89 

SS 

S7 

86 

H 

H 

7S 

77 

77 

77 

2Q 

«7 

H 

«5 

H 

84 

•^4 

H 

H 

H 

■\5 

82 

84 

30 

01 

90 

gc> 

90 

89 

8g 

Sg 

8(» 

H 

•^3 

82 

83 

3» 

100 

! 

09 

99 

100 

100 

100 

101 

100 

01 

86 

85 

86 

Means 

io;,-3 

102-5 

I  org 

ioi*4 

101-4 

101 -6 

10 1 -6 

looi 

ijh-; 

01-5 

91*6 

929 

Diurnal  \a. 

nation 

-f-2-6 

-i-i-8 

fI-2 

+07 

\^1 

f-o-g 

\  ^'9 

-06 

-4*4 

— g-2 

-91 

-7-8 
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AUGUST,  1884. 


Value  of  I  di\  ision  of  s<:a1e,  '000087  in  pans  of  V.l 


Loral  mean  time. 


94'5    9^'}    oS-6    lono    io;-9    io6-6    106-5    105-8    105-3    104-7    in^-o    103-3 
.6-2 —4-4 -2- 1     I-0-2     f-3-2     f5-9    -f5-8     f5'     f  46     r  40     i  33     1-2-6 


13'' 

,4" 

15* 

le" 

17" 

ifi" 

J9^ 

....'• 

3,li 

22I1 

'.J* 

Mid- 
niprht. 

Daily 
means. 

if. 

S5 

86 

87 

91 

03 

95 

96 

90 

96 

94 

94 

94 

929 

84 

86 

89 

9' 

<)2 

03 

o;> 

02 

92 

92 

91 

90 

90*1 

SH 

80 

92 

04 

98 

lo<S 

106 

106 

107 

107 

107 

107 

93*4 

107 

loS 

no 

in 

III 

112 

112 

112 

112 

in 

III 

no 

1077 

104 

107 

no 

112 

"3 

114 

114 

114 

114 

114 

114 

114 

1094 

112 

112 

"3 

"5 

116 

116 

116 

116 

116 

116 

'«5 

114 

1131 

108 

III 

II? 

"5 

"5 

120 

119 

119 

119 

119 

118 

118 

113-3 

107 

109 

loS 

10<) 

IO<) 

III 

111 

no 

no 

110 

no 

109 

1103 

08 

98 

103 

105 

1 06 

106 

1 06 

104 

105 

105 

104 

'03 

103-6 

^7 

90 

9« 

94 

96 

09 

98 

98 

98 

98 

99 

98 

95-8: 

01 

93 

96 

97 

90 

98 

97 

98 

97 

96 

97 

96 

96-0 

«5 

80 

88 

00 

01 

97 

07 

96 

95 

94 

94 

94 

92*2 

76 

79 

«3 

84 

86 

91 

92 

91 

9' 

00 

90 

91 

879 

81 

82 

88 

92 

95 

99 

90 

98 

98 

97 

96 

95 

90-2 

98 

99 

lOI 

103 

107 

114 

115 

"5 

114 

114 

"3 

112 

101-9 

no 

III 

«»3 

116 

118 

119 

118 

118 

»»7 

"5 

114 

"3 

112-9 

06 

100 

103 

107 

108 

in 

in 

no 

io<> 

100 

108 

107 

106-2 

'«3 

104 

los; 

106 

108 

109 

100 

108 

loS 

108 

108 

108 

1055 

<>f) 

06 

90 

lOI 

102 

104 

105 

104 

104 

104 

i03 

lOI 

IOI-8 

100 

102 

104 

106 

107 

107 

107 

108 

107 

106 

106 

105 

I02-0 

93 

95 

06 

99 

103 

106 

107 

105 

«03 

102 

100 

96 

995 

i<^3 

106 

loS 

loS 

ICH) 

116 

118 

H7 

"7 

119 

118 

118 

103-9 

IO<) 

100 

100 

in 

112 

114 

112 

no 

no 

T09 

107 

107 

1117 

ss 

R., 

9» 

93 

135 

i>i 

'3^ 

120 

128 

126 

'25 

123 

1077 

106 

109 

III 

114 

11(7 

"7 

116 

115 

"3 

III 

109 

109 

n3-9 

<*5 

07 

lOO 

"^3 

105 

107 

105 

104 

10; 

lOI 

too 

100 

1020 

87 

Sr, 

03 

Ot) 

0«» 

104 

lOI 

100 

08 

97 

04 

04 

94-8 

70 

Si 

s<. 

87 

80 

92 

9^ 

01 

So 

89 

86 

8«. 

S5-0 

Sh 

So 

So 

01 

01 

94 

05 

04 

93 

93 

92 

91 

87-8 

84 

S6 

(;o 

93 

05 

i<^3 

104 

103 

'^3 

102 

102 

lOI 

922 

1 

87 

89 

91 

94 

06 

\OC\ 

too 

100 

90 

90 

98 

9N 

1 

95-8  1 

i 

100-7 
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U.   6.    COAST   AND   GEODETIC   SURVEY. 


SEPTEMBER,  1884. 

[Increa«iin(>  scale  reudiiif^s  corre*iiKind  tn  increasing  force 
I.ocul  moan  time. 


Day  of 
moiith. 

0^ 

ah 

3^ 

4* 

5" 
100 

6* 

7^ 

S" 

99 

03 

93 

N'c»on. 

I 

98 

09 

IOI 

I02 

IOI 

94 

2 

107 

107 

107 

107 

loS 

108 

IOC) 

108 

105 

102 

102 

103 

iof» 

IO() 

107 

10(1 

107 

108 

107 

107 

KXi 

*^5 

95 

99 

4 

'»7 

97 

98 

98 

98 

00 

100 

98 

93 

89 

01 

92 

5 

IfH) 

too 

lOI 

ICIO 

101 

i02 

102 

102 

IOI 

98 

97 

98 

6 

106 

105 

105 

105 

>o5 

105 

loj; 

104 

102 

87 

Sf^ 

isS 

7 

9< 

8'» 

89 

89 

88 

X8 

88 

So 

83 

78 

78 

79 

8 

93 

92 

91 

C>0 

90 

9« 

9» 

03 

IOI 

97 

95 

95 

9 

C)h 

9b 

99 

95 

94 

94 

94 

94 

92 

S4 

84 

84 

10 

95 

93 

94 

93 

93 

95 

94 

04 

02 

9» 

92 

92 

II 

'03 

103 

lo.? 

ir»4 

104 

104 

104 

104 

104 

104 

i<M 

i<^3 

12 

III 

III 

no 

no 

III 

III 

III 

no 

100 

loS 

109 

109 

'3 

no 

114 

'»5 

"5 

114 

»i3 

>»3 

III 

no 

i<H 

104 

104 

14 

109 

IfX) 

no 

109 

ICV) 

i(»9 

IO«) 

io(> 

it\? 

"7 

97 

97 

«5 

lOI 

1 01 

102 

101 

iOI 

100 

100 

100 

98 

95 

90 

98 

16 

100 

99 

90 

IO(.) 

09 

100 

00 

98 

08 

08 

98 

oS 

17 

too 

99 

I(X) 

n>") 

If  XI 

99 

99 

*»7 

04 

S9 

r;c» 

80 

iS 

oS 

07 

97 

«/) 

07 

98 

97 

<>S 

01 

^5 

A4 

•^5 

19 

94 

93 

92 

92 

92 

93 

92 

91 

9(^ 

8e» 

Sn 

87 

20 

93 

93 

93 

92 

92 

93 

93 

'>3 

92 

91 

91 

01 

21 

104 

104 

104 

104 

I  "3 

104 

i<»5 

i<\S 

10? 

102 

102 

102 

22 

105 

105 

105 

105 

»f\^ 

10(1 

107 

107 

107 

i'\S 

104 

«'>3 

23 

iH) 

liS 

"5 

114 

»»5 

Iff. 

»»5 

113 

no 

90 

08 

OS 

24 

lOf 

ICXJ 

100 

100 

100 

102 

lf2 

mi 

«)0 

o»> 

04 

')5 

25 

08 

9« 

98 

98 

98 

.)8 

9S 

')7 

• 

^)5 

92 

92 

01 

26 

«)7 

07 

97 

97 

qh 

97 

^7 

rn'j 

07 

04 

04 

95 

27 

104 

105 

104 

103 

l.»4 

105 

»^S 

107 

104 

02 

02 

92 

2S 

O'l 

IfK) 

|oi 

I(V> 

IiX> 

100 

KXI 

IOI 

9S 

^(i 

80 

86 

29 

')t 

94 

95 

95 

<»5 

<|f) 

<)S 

gS 

'»7 

"5 

94 

93 

30 

oS 

97 

97 

97 

97 

99 

99 

IOI 

if»i 

00 

99 

98 
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SKFrKMHER,  1884. 


Value  uf  I  division  of  scale,  '000080  in  parts  of  V.] 


Local  mean  time. 

13* 

«4* 

«5^ 

16k 

.7^ 

18^ 

19^ 

M^ 

ai>> 

aa* 

33* 

Mid- 
night. 

1  Daily 
.  meaiis. 

96 

98 

102 

104 

105 

109 

no 

I  10 

109 

108 

108 

107 

IOI-8 

103 

104 

lOO 

107 

107 

107 

106 

106 

106 

106 

107 

107 

io6-o 

97 

97 

98 

98 

98 

99 

99 

100 

99 

98 

98 

97 

100-8 

95 

98 

99 

99 

100 

100 

100 

102 

lOI 

lOI 

100 

too 

977 

99 

100 

101 

104 

104 

105 

105 

loC 

105 

loC) 

i'>5 

106 

I02*0 

89 

90 

90 

q2 

92 

02 

92 

92 

93  . 

92 

91 

91 

959 

82 

«5 

S7 

88 

9' 

9» 

[91] 

[92] 

[92] 

[92] 

[93] 

[93] 

[87-8] 

96 

98 

99 

lOI 

lOI 

lOI  • 

100 

99 

99 

98 

9S 

97 

96-1 

«5 

88 

90 

92 

93 

97 

96 

96 

94 

96 

96 

95 

925 

93 

94 

95 

loo 

101 

105 

»o5 

104 

104 

104 

105 

105 

972 

104 

106 

107 

108 

I  CM) 

114 

114 

"4 

"3 

"3 

n2 

112 

107*0 

IK) 

•no 

112 

"3 

114 

»t7 

117 

"7 

116 

iiC 

"5 

114 

1121 

i«>5 

106 

107 

108 

UK) 

112 

"3 

114 

112 

no 

in 

uyj 

iiO'4 

97 

99 

luo 

101 

102 

105 

loO 

105 

105 

104 

»o3 

103 

1039 

97 

97 

98 

98 

99 

103 

104 

104 

104 

103 

102 

101 

luo-i 

'  9S 

100 

lol 

ICXJ 

lol 

103 

103 

«03 

103 

103 

102 

lOI 

100  2 

tK) 

94 

94 

».»4 

')7 

99 

99 

100 

102 

99 

9Q 

98 

967 

«7 

90 

01 

93 

93 

95 

97 

97 

97 

95 

97. 

95 

93<i 

S8 

9' 

«»2 

92 

<»2 

96 

y6 

96 

96 

95 

95 

95 

92-2 

92 

94 

96 

97 

I(X) 

106 

106 

100 

106 

100 

106 

106 

970 

101 

102 

i<4 

106 

106 

106 

107 

107 

106 

106 

107 

106 

'■      104-4 

it^J 

104 

10<l 

107 

107 

»t7 

"7 

n6 

116 

no 

116 

'15 

ioS'5 

<)<* 

IDI 

102 

104 

104 

K)4 

104 

104 

1^3 

«<^3 

102 

102 

106-5 

.^0 

9S 

liK) 

loo 

101 

I()2 

102 

102 

luti 

I(n.J 

09 

9<* 

99"5 

9-2 

')} 

96 

*^7 

98 

yS 

97 

97 

97 

97 

97 

97 

90- 2 

96 

9') 

I<X>  • 

lOI 

101 

106 

106 

106 

106 

105 

104 

105 

Q(rs 

'».! 

U4 

«'5 

**7 

«?8 

^9 

99 

99 

«J0 

99 

t)9 

99 

995 

80 

^7 

90 

92 

0? 

95 

95 

95 

95 

94 

•>5 

95 

94  5 

94 

'*S 

«»() 

oS 

uo 

lol 

102 

lOI 

100 

99 

100 

99 

97-0 

99 

ICKJ 

loo 

loo 

102 

104 

104 

104 

<^»3 

't^3 

103 

103 

100-3 

954 

97-1 

9^-5 

9/7 

hkjG 

102  9 

103- 1 

103-1 

1027 

I02-2 

102 -2 

1017 

999 

4-5 

2ii 

i-4 

0-2 

I07 

1  30 

13-2 

+3-2 

|2-8 

t2-3 

|2-3 

fi-8 

• 

1 
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U.   S.    COAST  AND   GEODETIC   SURVEY. 


OCrOBKK.  1884. 

[IiKTeasiiig  scale  readings  cui  respond  to  increasing  furce. 


I,(ii  al  mean  time. 


Day  ot 
muntli. 


,h         «k         3«.         4k 


C"- 


8^ 


V" 


lu^ 


II*       Noun. 


I 

2 

,\ 
4 
5 

6 

7 

9 
lu 

11 

12 

13 
14 
15 


103  103 

105  104 

102  lui 

95  95 


97 

ICX) 
lOI 


96 

99 
lui 


102  102 

103  104 
101  100 

95  94 

93  93 


95 
98 


106  105  105 

104  104  104 

lOl  IU2  IU2 

ifh  »>4  95 

97  9^»  95 


95 

97 


UK)      100 


no  no  no  109 
107  107  106  106 


105 
IU4 

95 
w6 


102 

luo 

93 
93 

94 
96 

100 

104) 

i«>6 

105 
104 

i*>3 
**5 
95 


102 
101 
100 

93 
93 

94 

95 
100 

log 

106 


>^5 

i<-»3 
ah 


lOI 

lui 

lUO 

94 
92 

94 
95 

U)0 

109 
1 00 


105   104 


104 

t<'3 
9*1 

90 


101 

tjS 

100 

W4 
•»3 

94 

lul 

IU9 
I  of) 

105 

104 
lul 

95 
go 


<iS 
.)S 

94 
*'3 

94 

^»5 
102 

loS 
<^5 

104 

«»3 
94 


100 

98 

95 
91 

94 

f*3 

102 

»o5 
lui 

10 1 
lol 

i,tj 

»»2 
92 


100 

99 

M4 
*^> 
93 

92 

94 
loi 

104 

100 

99 

liMJ 

95 
91 


100 
9S 

94 
'>« 

9-?' 

92 

95 
101 

104 
99 

99 

IiX> 

94 
90 

91 


16 

17 
iS 

19 
20 

21 

22 

^3 

-^5 

26 
27 

29 

30 


3' 


93 
94 
94 
91 
92 

92 

*»5 
107 

n2 

n; 


no 
107 

103 

lOI 


93 
94 
94 
91 
92 

()i 

95 
loS 

in 
»'3 


92 
94 
93 
9» 
92 

9* 
**4 

no 
»»3 


92 
9  5 
93 
91 
91 

gi 

«)4 

108 

1  ii> 
»i3 


112    112     n2  ni 


no  ii)S  loS 

107  no  107 

103  103  103 

im:)  99  99 


91)  i«.)0  icxj  1 00 


92 
92 

^»3 
90 

9< 

9« 
«/3 

no 
»»3 

n  I 

loS 

107 

i«J3 
99 

ILK.) 


93 
92 
93 
9» 
92 

91 

M5 
1 07 

no 
»»3 

n2 
1 10 

niS 

I  "3 
luo 

I  Oil 


94 
9» 
'J3 
91 

93 

9i 

K.7 
1 10 


ICHf 
InS 
104 
100 

lOJ.) 


94 
92 
93 

9^ 
92 

gi 

90 

107 
ni 
n2 

"3 

loS 

107 
104 
101 

log 


92 
90 

gi 

»«) 

9> 

97 
loo 

1(.H) 

ni 

in 

107 
104 
101 

99 
07 


go 

S«) 


t)0 
iiR> 

linS 
liiS 

loS 

loS 

104 

og 

«>5 
<*5 


89 
SS 
SO 
SS 

Ji7 
89 

luS 

107 

100 
107 

103 
«*s 

95 
94 

93 


88 
^7 

8e> 

88 
5*7 

90 

g»> 

107 

107 

io(> 

107 

»03 
9S 

95 
92 

94 


Means  loii  i<x>S  1006  itK)'2  iixvo    1003    HjO'3    iuo  2      oS'i      <»7i      96-2     95'9 

l>iiiriuil  \a-| 


nation 


I  . 


r  1*5  -  I  "2  fro}  00    t  0'4 


o- 


o- 


:  00 


t  »•■ 


25 


34    —37 


J  INK.  1SS5. 

[liii  rcusicg  s.  .lie  icu'lm;'.*.  1"IH'|m..i.iI  I.,  mu  iiM*ini»  furce. 


Local  iiic:i:i  tiuu*. 


2.i 

101 

gg 

'»9 

llXJ 

101 

lol 

lol 

lol 

g'l 

.»s 

07 

97 

24 

101 

101 

lol 

lul 

102 

i*»3 

I  ^'3 

102 

«»o 

go 

*»5 

95 

25 

99 

t.)g 

98 

^»7 

97 

gS 

"7 

98 

gS 

08 

98 

99 

20 

101 

i<j(} 

99 

99 

99 

99 

99 

100 

99 

98 

99 

99 
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OCTOBER,  1SS4. 

Viilue  of  1  di\isitiii  uf  scale,  'U00095  in  parts  uf  V.] 

l.utal  iiiCdin  lime. 


1*4       \*4 


'»5 


<)7 


99 


10 1 


101 


I  ex.) 


luu 


100 


99 


<*•) 


J-2  -21 


i-i      -04    -i  00      I  2'0    -|  14     -f-I-4      f  1*4     -j-I-4    -f-1-2     4-I-I 


JUNK,  1885. 
X'utiic  i>!  I  •liviMuii  uf  scale,  'ouo  i  ;2  in  |»art>  uf  \  .] 

Local  iiiean  time. 


t." 

«4^ 

100 

102 

t02 

17^ 
«03 

104 

19" 

ao* 

atk 

2> 

aj^ 

Miil- 
iiight. 

104 

Dailv 
iiicun. 

if. 
1020 

too 

99 

102 

106 

106 

104 

99 

99 

98 

100 

t02 

101 

loi 

104 

104 

105 

103 

lOI 

101-2 

95 

95 

97 

c)6 

90 

97 

98 

97 

97 

97 

97 

96 

97-6 

91 

9-J 

92 

92 

93 

94 

95 

95 

95 

96 

95 

96 

93-^» 

93 

94 

95 

95 

90 

97 

97 

90 

97 

97 

97 

97 

940 

93 

94 

g6 

95 

90 

u8 

97 

98 

98 

99 

98 

99 

95  5 

95 

go 

98 

98 

too 

102 

102 

102 

102 

102 

102 

lOI 

98- 1 

102 

105 

iu6 

107 

107 

no 

lot) 

108 

107 

108 

IOC) 

no 

1040 

104 

105 

106 

107 

loS 

100 

107 

106 

106 

10& 

107 

107 

107-2 

lOI 

««3 

104 

105 

105 

lob 

104 

104 

104 

103 

104 

104 

1042 

9S 

iw 

101 

102 

104 

I  us 

104 

104 

i03 

104 

t*>3 

>03 

10  ?o 

ItJO 

101 

I<i2 

IU2 

IU2 

10? 

102 

101 

I  Of 

100 

liXJ 

IlXJ 

1021 

95 

95 

go 

97 

97 

98 

99 

98 

98 

97 

go 

95 

985 

89 

92 

93 

94 

95 

96 

g6 

<*7 

97 

97 

<^6 

96 

945 

l|0 

9i 

92 

9-! 

94 

95 

95 

90 

90 

94 

94 

94 

941 

1 

88 

IK) 

«>o 

go 

9< 

g2 

91 

92 

*>3 

94 

95 

96 

gl-8  . 

89 

^g 

gi 

g2 

*^> 

»»5 

95 

95 

'*$ 

95 

95 

94 

g2  2 : 

80 

Ji7 

88 

89 

Sg 

gi 

«K) 

go 

gi 

91 

9« 

gi 

go  4  , 

88 

Q«.> 

go 

91 

92 

93 

93 

02 

92 

g2 

92 

92 

tjO'S 

88 

8g 

<)0 

ijO 

*>» 

9-J 

91 

91 

91 

91 

9" 

91 

<*o-4 

02 

**3 

«»4 

95 

gf, 

99 

go 

'>5 

95 

^'5 

**5 

90 

g2-8  = 

99 

Ut» 

l(M) 

^<Ky 

los 

loo 

loO 

100 

ItXi 

iue> 

loO 

lo<> 

KXi  1 

107 

li.S 

Hh| 

II 1 

liJ 

»»3 

II? 

»I3 

112 

I II 

112 

112 

IO«»'2  1 

108 

ICK; 

1  <.>9 

ilu 

III 

114 

112 

III 

IKl 

III 

III 

112 

IIOI 

IU7 

Kn; 

111 

III 

112 

"5 

«i5 

114 

II  \ 

112 

112 

112 

III  s 

loS 

I(M« 

llo 

II 1 

112 

112 

111 

III 

llo 

no 

KM) 

io<> 

I  lO'S 

l^> 

11.4 

»o5 

1 00 

108 

IIU 

no 

IO<4 

lOg 

loS 

UtS 

107 

107  3 

«)8 

lini 

RKJ 

101 

1 02 

104 

10? 

104 

104 

104 

l^\? 

103 

KS'S  1 

95 

«»o 

97 

g8 

<;g 

lUI 

lol 

101 

I IX) 

100 

100 

100 

KK)0 

«M 

'74 

g6 

97 

98 

99 

99 

90 

99 

too 

100 

too 

«)So  ! 

982 


904    »i7'5    g8'5      gg-2    1002    ioi-6    loro    loro    loro    loi-o    100-8    1007  .       idO 


97 

gg 

100 

i(x:> 

101 

102 

102 

102 

102 

101 

lOI 

1 

lOI 

g=; 

go 

gg 

100 

KX") 

103 

««3 

»03 

«<'3 

'03 

102 

102 

gS 

i(M) 

102 

102 

101 

lOI 

lOI 

102 

103 

102 

102 

lOI   1 

99 

gg 

og 

100 

101 

lOI 

101 

102 

102 

102 

101 

too  ! 

r 
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APPENDIX     NO.    8—1892. 


ON  THE  MEASUREMENT  OK  THE  JtOLTON  liASE,  IIOT.TON,  RIPLEY 
COINTY,  INDIANA,  AXU  THE  ST.  ALBANS  iJASE.  KANAWHA  COLNTY, 
WEST  VH<(iLNlA. 


PREFATORY  NOTE. 

Th(^  twooUaiiirt  of  the  Ur:iiiso«)iit-iiHtiit:iI  tri:iii«;iilariou  lu^ar  tlie  thirty-ninth  paral- 
lel, which  liad  bcifn  r:irri(Ml  woMtwanl  iVoin  <!hi'sapi*ak()  Hay  an«l  earttward  from  tlie 
MisHisHippi,  having  reached  ajnnrtiun  upon  a  liuo  in  the  State  of  Indiana  in  Sejitcni- 
ber.  18H(\  tJie  uica-HurcniiMit  of  a  hae^e  of  vi^rilicatiou  hrcanu*-  (h'uirahif. 

A  r«H-onnoif»8au(.'e  made  by  AsHiHtant  A.  T.  Mosnian  nnder  instnietionH  from  the 
Sui»erintendeut  for  thr  ]>iirpo8e  ot  finding  a  snitabh'  Hito  for  this  uieaHurement,  it!' 
Malted,  after  a  few  exam ina1ion8,  in  the  seleetitm  of  a  locality  near  the  town  ot  JIol- 
ton,  Kipley  Cimnty,  Indiana. 

In  tint  Bprinjr  (it  1{<91  ]ireliniinary  arran<;emuntH  for  the  meaHnr(Mn(>nt  were  be^iin 
by  Mr.  Mo.smun,  to  whom  had  bi^en  ansi^ned  tlK^  ehar>;e  of  the  party  and  the  general 
direetion  of  it-.s  operation.s.  . 

It  waH  deriibrd  that  this  m<^a8nrement  should  be  conducted  in  sneh  a  way  as  to 
(ddain  most  thorough  tests  of  the  relative  merits  of  several  forms  of  basi>  a]»paratnH. 
To  this  end  the  charH;c  of  the  measureuu'iits  with  the  nu'tallie  tapes  and  with  the 
iced  bar  apparatus,  and  the  experimental  work  with  the  l(N)-metre  comparator  wan 
assigned  to  Assi'^tant  H.  S.  Woodward,  while  the  conduct  of  the  measurement  with 
the  new  secondary  ctuil  act-slide  ajiparatus  was  committed  to  Assistant  O.  H.  Tittuuinu. 

The  reports  from  these  (dlieers  which  follow  elucidate  fully  the  methods  of  meau- 
nrem<-nt  ado]ited  and  their  results. 

They  are  lierc.  publisheil  as  ])re])ared  cpiite  in«h.'i)vndcntly  by  Assistant-s  Wood- 
wartl  and  Tittmann.  KmU  contains  the  details  re<|uired  to  enable  tin;  nsider  to  ftirni 
an  independent  Ju<lgment  of  the  accuracy  of  the  method  em])loycd  and  to  reach  his 
own  conclusions  as  to  relative  meril4s.  It  may  be  well,  however,  to  invite  attention 
to  one  or  two  inferences  in  reUition  to  essential  p(dnt>s,  tint  corre<'iness  of  which  will 
lie  admitted,  it  is  belii^ved,  bv  all  who  are  familiar  with  the  subject. 

It  is  evident  that  either  of  the  two  jirincipal  methods  of  Imse  measnremoiit  de- 
scribed, namely,  the  u^(•  of  the  tape  and  tlu*  so-calb'd  ''secondary  ap]»aratns,  "  will 
give  an  accuracy  entirelv  suilicient  for  anv  demands  likely  to  arise,  in  both  cases 
it  api>ears  that  the  probable  error  derived  from  the  range  of  ditferent  meaHurea  is 
less  than  one  part  in  one  million,  and  it  nuiy  safely  be  assumed  that,  including  error.s 
from  all  sources.  :i  result  true  to  one  ])art  in  half  a  million  can  be  rea4*hed. 

It  is  doubtless  coiTcct  to  say  that  no  known  method  of  base  measurement  aside 
from  the  two  hen^  considered  is  (-a]»able  of  ••iving  as  good  results,  when  accuracy 
and  expense  are  both  included.  The  use  of  an  iced  bar.  applied  to  the  iiieaHiirement 
of  considerable  distances  for  the  first  time  in  the  Holton  Hase.  is  inn|Ueb1ionab|y  the 
nu*.thod  of  highest  ]>recision,  and  its  cost  is  not  believed  to  be  greater  than  that  of 
other  methods  in  use  in  Eurojie,  but  it  will  not  be  found  necessary  to  resort  to  it  in 
ordinary  practice.  exci*pt  for  the  jmrpo.se  of  standardization  as  here  described,  'i'he 
mei:illic  ta|»e  is  not  only  rapable  id'  giving  a  result  of  great  accuracy  when  in  the 
bands  of  experts,  but  it  is  e\idcntly  the  liost  device  lor  ra]Md  liase  uu'asurement 
where  no  great  ])recision  is  aimed  at.  As  to  the  cost  of  the  **tape-line  method"  anil 
tint  of  the  '*  sceondary  apparatus,"  when  the  accuracy  reiiuired  is  one  ])art  in  from 
two  hundred  to  live  hundred  thousand,  there  can  be  little  difleriMice. 

Suiise«|Ui'n1  to  the  measurement  of  th(^  llolton  liase,  a  check  base  in  West  Virginia, 
known  as  the  St.  Albans  I'ase.  was  measured  by  Assistant  Woodward,  the  tape  line 
being  used  and  the  comlitions  being  such  as  to  render  it  easy  to  determine  ifuite 
aci  nrately  tbe  eost  of  the  work. 

The  tise  of  tint  secondary  ap]iarat us  at  Holton  having  been  continuous,  when  it 
was  once  begun,  the  circiimstanceH  were  sn«h  that  a  \ery  good  measure  of  the  cost 
of  that  work  is  also  possible.  When  these  results  are  com]Kned.  it  is  t'ound  that 
miller  ordinary  conditions  both  time  anil  cost  of  the  two  methods  would  be  essen- 
tially the  same.  Local  peculiarities  will  therefore  usually  determine  which  nirthod 
shall  be  used. 

T.  C.  MHMiV.N.V\N.\\., 
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MEASUREMENT  OF  THE  HOLTON  BASE. 

I.     EXTUACTS    FROM    TIIK    KErdKDS    AND    FKOM    TIIK     REPORTS   DK 

A.   T.   MOSMAN,    A»SSISTANT. 

LOrATDJN   OF   liASK   LINK,    MARKINGS,   KTO. 

Tliu  priiiuiry  biise  line  in  Kiploy  (Nmnty,  Jnd.,  laid  out  !»y  my  party 
in  October  and  November,  ISIK),  was  lorated  on  the  liijili  and  nearly 
level  table  land  betwiMMi  the  towns  of  Helton  and  New  Marion.  Its 
lent^tb  is  5,5iM)  metres,  and  its  dire(;tion  is  nearly  north  and  south.  In 
order  to  avoid  the  creek  near  its  north  cn<l,  it  was  swnnj;  to  the  west- 
ward from  a  true  north  and  south  line. 

North  hase  is  in  Orter  Cheek  Township,  alMMit  1  mile  east  of  Holtoii, 
on  the  (>hi<»  and  iMississii»]u  Railroad.  Sonth  base  is  in  Centre  Town- 
ship, and  about  half  a  mile  north  of  the  villag**  of  New  Marion. 

The  underjjround  ami  surface  marks  ))laeed  to  secure  the  ends  of  the 
base  after  the  completion  of  the  measureuuMits  were  as  shown  in  the 
acc(un]>anying  sketch  (illustration  No.  ;U)j.  The  subsurface  nuirk  was 
a  co|»per  bolt,  set  in  a  limestone  post  <»  inches  Sf|uare  and  2  i'evt  liui«j:, 
which  was  sunk  in  the  earth  till  its  top  was  ,*{  feet  lielow  the  surface. 
At.  the.  interse«'tion  of  cross  lines  cut  on  tln^  top  of  the  bolt,  a  line  hole 
one  quart(*r  of  an  inch  deep  was  tlrilled  to  mark  the  station  point. 
Above  and  around  the  post,  <»\cept  for  a  space  of  1  toot  sijuare  imme- 
<liately  over  it,  is  a  layer  of  Portland  c«Mnent  coiu'reti*  1  foot  thick  and 
4  feet  square.  r])on  this  foundation  rests  a  block  (»f  liniest^nie  3  feet 
square  and  'M)  inches  hi<^h,  bavin;*'  a  <*op])er  bolt  with  cri>ss  and  fine 
drill  hole  sunk  into  its  to[)  at  the  centre,  this  hoh'  bein<;  the  surface 
mark  of  the  end  of  the  base. 

To  protect  these  surface  marks  from  injury  and  to  imlicate  conspicu- 
ously the  ends  of  the  bases  limestone  shafts  were  placed  in  position  over 
them.  The  one  at  Xorth  I'ase  had  inscriptions  on  three  of  its  faces,  as 
shown  in  the  illustration,  and  the  one  at  8outh  i5ase  was  similarlv 
marked. 

All  of  the  preparations  for  the  actiuil  measurement  were  <*oni]deted 
early  in  June,  ISOI.  Thescj  inrludi'd  the  clearing  of  the  line,  the 
fencing  of  the  camp  ground,  the  ])itching  of  tin*  tents  twenty-two  in 
nund)er,  the  construction  of  a  comparing  house  witli  railroa<l  and  track 
110  UMttreslong,  the  setting  of  [losts  for  microscopes,  and  the  determina- 
tion of  the  height  of  North  lUise  above  sea  level  by  levelings  to  the 
ueare.'St  bciu'li  mark  of  the  transcontinental  line*  of  g«MKb*tic  leveling. 
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Before  iLebase  apparatus  arrived  from  AVashiiigton,  section  stones 
were  set  at  1,200,  2,100,  3,000, 4,000,  and  5,000  metres  from  South  Base 
and  earefully  aligned.  Stones  were  also  set  at  3,y00  and  4,9(M)  metres 
to  mark  the.  en«ls  of  the  kih>metre  inti»nded  to  be  mejisure<l  with  the 
standard  bar  eneased  in  iee.  Tliese  section  stones  were  eubieal  bhieks 
f>f  limestone,  1  foot  in  eaeh  dimension,  and  set  in  betis  of  concrete  Lo 
inches  s<iuare  an<l  15  inches  deep.  In  the  top  of  eaeh  stone  was  secured 
a  eo[)per  bolt,  I  inch  in  diameter  and  3  inches  long,  with  a  tine  cross 
<'ut  on  its  head.  The  k*vels  run  ahuig  the  line  from  North  Base  to  South 
Buse  made  eacli  of  these  section  stones  a  bench  mark  well  determined 
in  height  above  sea  level.  The  ct>mparing  house,  with  railroad  and 
track  UH)  metres  long,  and  posts  for  microscopes,  was  tinished. 

KlXflNNINU  AND  PROGRESS  OF  THE  MEASUREMENTS. 

On  July  27,  1801,  the  instruments  were  unpacked  and  piepared  for 
work,  by  Assistants  Tittmann  and  Woodward,  and  on  the  28th  a  meas- 
urement of  the  base  was  begun  by  Assistant  'J  ittmaun  at  ^  South 
Base.  His  party  consiste<l  of  4  otiicers,  beside  himself,  and  4  men,  and 
they  were  emiiloyed  for  thirteen  and  one-half  days  in  making  two  com- 
plete measures  of  the  base,  besides  two  additional  measures  of  the 
kih)metre,  between  stones  at  .*i,0(M)  an<l  4,1HM)  metres  from  South  Base, 
laid  out  to  be  measured  by  the  standard  bar  in  iee,  the  second  measure 
having  been  finished  on  August  13. 

During  this  time  Assistant  Woodward,  assisted  by  Mr.  Siebert  and 
one  <ir  two  hands,  was  engaged  in  experiments  with  iced  bar  and  tai>es 
in  the<'om]KU'ing  house. 

On  August  14  he  began  setting  posts  on  the  kilometre  for  supporting 
the  portable  tra<k,  an<I  the  mieroseopes,  using  all  <»f  tlH»  available  force 
of  lalMuers.  Owing  to  continual  rains,  the  grountl  was  saturated  with 
moisture  ami  the  NNork  was  much  delayed.  Stakes  for  supporting  the 
tape  during  nu»asur<*ment  were  also  set,  at  10  metres  apart,  the  whole 
length  of  tin*  base  line  by  Assistant  Woodward,  and  some  parts  of  the 
line  were  made  leady  for  tape  nu»asurement,  and  on  August  28,  29,  and 
.'51,  and  September  1  ami  2,  measurements  were  made  by  oni(H»rs  alone, 
and  on  Sept«MuberS,  10,  17,  18,2.5,  and  28,  and  October  1,  2,  a,  7,  and  8, 
measurements  were  made,  usually  at  night,  with  a  full  force  of  ollicers 
and  men. 

The  first  measure  of  the  kilometre,  with  staiulard  bar  in  ice,  was 
begun  by  Assistant  Woodward  on  September  10  and  continued  on  the 
1 1th.  Mth.  15th,  20th,  28th  an<l  20tli. 

KxjM'fimental  measurements  were  made  by  Assistant  Tittmann  with 
the sfMomlary  apparatus,  ou  August  17, 18, 22, 25 and 20, ami  September 
.*>,  7,  and  8.  lie  measured  100  juetres  of  the  kilometre  Avith  this 
apparatus  on  the  21st  and  22d,  and  made  measures  of  the  whole  kilo- 
metre with  secondary  apparatus  ou  Sejitember  24  and  25,  and  0«'tober  5. 
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I  must  r<»iVT  y«»ii  to  \\w  reports  of  Assistants  Woodward  and  Titt- 
iiiaiin  for  the  details  of  the  work,  and  the  result-s  obtained  by  each 
method. 

(;OST  <»F  THE  DIFFKKENT  OVKRATTONR  A^D  EXPERIMENTS. 

A  rerord,  as  nearly  as  possibh*,  was  kept  of  th4Minm]>or  of  days  spent 
in  ea<*h  o]>eration,  with  thi»  number  of  ollieers  and  men  employed  each 
day,  and  an  attempt  is  made  in  the  tabh*  whieh  foMows  to  *riy^  thee^nn- 
parative  itost,  <'allin;»"  eaeh  ollieer  nv  man  emphiyed  one  day  one  day's 
work,  and  the  results  are  expresse<l  in  day's  work  of  on<»  otlieer  or  man. 

In  re»j^ar<l  to  the  time  spent  in  ])re]Kirin;r  the  standard  kihmietre  for 
nn*asurement.  ami  the  time  spent  in  settin;^'  stakes,  there  was  n€*ees- 
sarily  some  eon  fusion,  as  freipiently  some  of  the  party  wtmid  be  at 
work  on  eaeh  oi*  these  operations  on  the  same  <lav.  but  the  result  given 
is  believeil  to  be  substantially  eorn»et. 

The  time  spent  in  measures  with  the  tajM^  eould  not  be  absohitely 
tixe<l,  as  the  measures  were  made  sometimes  tor  a  few  hours  in  the 
night  with  a  detail  of  otlieers  ahun»,  sometimes  with  oltu^ers  anil  men 
in  the  day  nr  ni^ht,  and  no  eomtdett*  nu'asurement  of  the  ,whole  base 
with  the  tape  was  eyer  made  hut  only  by  parts,  seyeral  times  repeattnl. 

Measurements  wr.vv  made  on  fourteen  ditb^ent  days  or  nights,  and 
assunn'n«4'  that  each  nuMsurement'  took  one-half  day's  time  of  e:u*li 
otVn.'er  and  man  employed  we  would  hayt*  sixty  nine  and  one-half  days 
tor  one  nmn  spent  in  tape  nitM^ure. 

histanei'S  of  from  *>tU>  metres  tt»  l.sun  metres  were  nu'asured  atone 
tinH»,  mostly  at  night,  and  wln-n  mi-n  \srn'  employed  we  paitl  them 
for  iMie-haif  a  day's  work. 

liiflton  lH(sr  lin<\  /.V//.      Tintr  sprnt  t»ti  tin  tUjJ'n'riit  opcntfioUH, 
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SERVICES  RENDERED. 

Assistant  E.  S.  Woodward  had  entire  cihar;»:<^  of  Till  incasuronionts 
with  tape,  and  standard  bar  and  all  exj)erinKMits  conducted  witli  them 
in  the  comparinjii:  house  and  on  the  base  line,  incliidinjLr  measurements 
with  standanl  bar  in  iee  of  the  kilometre.  I  refer  you  to  his  report  for 
details  of  methods,  description  of  the  instruments  used,  and  discussion 
of  the  results.  Assistant  Woodward  joined  the  party  on  July  2li  and 
left  on  October  12. 

Assistant  O.  11.  Tittmann  joined  the  i>arty  on  July  22  and  left  on 
Octobers,  lie  had  full  charge  of  all  measurements  and  experiments 
made  with  the  secondary  apparatus  on  the  base  line,  incrluding  kilo- 
nu'tre,  and  in  the  comparinfi;  house,  and  he  has  pn^sented  to  y4)U  a  very 
full  and  eumplete  report  of  all  the  work  done  by  him. 

Prof.  .1.  J  I.  (lore  joined  the  party  on  June  20  and  left  on  Sejitember 
14.  lie  rendered  very  etficient  service  while  with  the  party  in  assist- 
ing in  the  measuiements  with  the  secondary  apparatus;  also  with  those 
nuule  by  Assistant  Woodward  with  the  tape.  lie  had  charge  of  the 
leveling  i»arty  detciinining  the  heights  of  Versa  iHes  courthouse  and 
the  v/s  Keizin  and  ('orrect,  being  .assisted  by  Messrs.  Gjertsen,  Pen- 
nington, and  Cope,  recorders. 

Mr.  John  F.  Hayford  rendered  very  eflficient  service  in  measurements 
under  Assistant  Tittmann's  charge  and  the  com])utations  pertaining 
thereto,  also  assisting  in  the  measurements  made  with  the  steel  tape 
and  in  the  «*omputation  of  the  results.  Flo  joined  the  party  on  July  22 
and  left  on  October  12. 

Mr.  John  S.  Siebert,  temporary  aid,  joined  the  party  May  21  and 
assisted  in  thebuildingof  comparing  house  and  railroad  and  in  setting 
section  stones  along  tlie  base  line.  lie  had  charge  of  the  leveling 
from  the  H.  M.  at  Delaware  to  v.  North  Base  and  v  Glasgow.  Il(». 
assisted  in  all  tlie  measurenu^nts  and  experinients  made  with  tapes 
and  standard  bar  in  ice  and  in  the  computations.  lie  remained  till 
the  close  of  work  at  the  M(»lt<in  base  line,  and  performed  all  duties 
entrusted  to  him  with  accuracy,  xeal,  and  intelligence. 

Recorders  Th.  (Ijertsen,  Robert  rennington,  and  Frank  !>.  Cope 
were  attacheil  to  the  party  during  tln^ir  summer  vacation.  They  ren- 
dered satisfactory  service  in  the  U'veling  operati<ms,  and  also  in  meas- 
urements with  the  secondary  api>aratus. 

Mr.  K.  10.  Tcurey,  foreman,  was  attached  to  the  party  during  the 
whole  season,  and,  as  usual,  rendered  most  valuable  service. 
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II.  THE  ICED  BAR  AND  TAPE  BASE  APPARATUS  AND  RESULTS 
OK  MEASURES  MADE  WITH  THEM  ON  THE  HOLTON  AND  ST. 
ALBANS  BASES. 


l»,v  \\.  S.  \Vonii\VAl:l».  A^«4istaiif.. 
Siilniiiltrd  lor  |iii1)]ic»tioii  .hiiie  iVi.  ISO.'). 


TAIUJ:  or  C(»NTKNTS. 
Loltnr  of  Iraii^iiiiiHal IVM 

i'lIAlMKU   I. 

HKSCKiriloX    OK   TIIK    ICEI»    HAK    HAM:    Al'PAl.'ATrs    AM»     11^     AI'I'I  H  A I  li  »N     TO    TIIK 

M  K  A  sr  R  KM  i:  \  T  O  K  HAS  I :  I  I X  l-.H. 

6tc.     1.  HiHtoriial  notr 3ns,:W 

L*.  (jriMieral  f«'atiin»s  oi*  apparat  us JWH 

X  Tin*  measuring  bar [VM)-:\^il 

4.  Tlu«  Y-tDMiorh 3ii.;n2 

5.  Tlio  ivv  load  and  ico  rrii.slu'r ;U2 

6.  Tlie  cars  and  portable  traik :U2, 313 

7.  Tb*?  niirroinirtor  niiorosropis 313 

8.  Kiid  niarkn  and  niotbod  of  iffiMMiHM*  t  Imu'I  »» 31.^,  344 

9.  Adjiistnicnls  of  apparat iih 344, 345 

10.  M«*t bod  of  nieasnrennnt 345. 346 

11.  Specimen  of  record  and  conipiital  ions 316-350 

(■IIAIM'r.R  II. 

1  r.xiJTii  or  rr  r.i>  rai:  /m?. 
Direct  dtttnnhiatiini  on  ojfiir  tomimrator. 

Sec.    1.  Df»scription  of  ajiparatus  and  niotbod 351-3.%3 

-.  Prograinnic.  of  obs^rvaf ions 353, 1154 

l>.  Conipntution  of  1imi.i;I1i  of  //r X>4-356 

4.  Longtb  of /»i7  from  ob>rtrvationsof  July.  IS'.tl 356,357 

5.  Lengtb  of  /^it  from  obscrvation.nof  IVbruarv  and  Marcb,  1><92 357,358 

6.  Son rrrj*  of  error 358,359 

Hflrrmhntlion  of  Initflh  of  /•'•-  in/  tiid  of  Hn  on  offhw  mnipnintor. 

7.  I  description  of  nietbod .T>0,  3(iO 

8.  C'onipntation  of  results :^>()..161 

!».  Snnnnary  of  results 361,. 362 

H).  Sources  of  error 363-,36« 

11.  Adopted  lengtb  of /^,,  derived  by  aid  of  /;,^ [^^ 

12.  Values  of  Bub-spaces  of  i9,g 368,369 


REPORT    Vnn   1892 — PART    II.  335 

Drtrrni illation  of  Pu  on  new  romparnfor. 

Page. 

See.  ir>.  T)rRrrii>l  ion  of  npparal  iiR ,'>«>I».  871 

11.  Mrtliods  of  observation .'{71.372 

ir».  Method  of  computation 372-374 

ir».  Data  and  ivsnlts 374-376 

17.  (,-orrpction8  tt»  t  lie  ooni]iuted  value.**  of  jr 376-378 

IS.  Adopted  individual  and  mean  valnos  of  jc 378-380 

19.  Source.**  of  aceidfiital  error :J81,  'W2 

20.  Systematic  error 382-38« 

Adopted  hiifflhs  for  /»ir. 

21.  Summary  of  results :^,:i89 

22.  Derivation  of  l<Mi«tliK  of /;,- in  lerm.««  of  iV;i ri89,3(K) 

23.  Len;;tlis  of  /.*,7  in  term.s  of  tlio  International  Metre 301 

21.  Coneludinj,' remarks 391-31)3 

CnArTKK  III. 

MKASCHKMKNTR  MA1»K  WITH  U'EI»  BAII  ATPAKATrS  AT  IIOITON-  U  \J»K  IX  1891. 

See.    1.  Plan  of  operations  with  apparatus  in  1891 394 

2.  Tlie  l(K)-nu'tre  comparator 39-1 

3.  'I'liH  standard  kilomet re 31)5, 3fH> 

4.  Results  of  mciwsnres  of  eomparat<»r  interval 3(H)-398 

5.  Derivation  of  lenj^ths  of  comparator 3i>8, 399 

6.  1  >i«eussion  of  results  of  comparator  measures 3l»9-401 

7.  Adopted  lengths  for  the  l(H)-metrc  comparator 401 

8.  Rrsults  of  measures  of  standard  kilometre 401-403 

9.  Derivaticui  of  the  lenjcths  of  the  kilometre  sections 403-106 

10.  Discussion  of  results  of  kilometre  measures 4(H>-ilO 

1 1.  Probable  ♦MTors  of  the  kihunetre  measures 410 

12.  Adopted  Icnixths  and  )>robable  errors  of  the  kilometre  sections  and 

kilomrtri- 111,412 

13.  Ath»i»ted  len;;tlis  antl  probable  error  of  100-nietre  section 412 

(^IIAI'TEK  IV. 
THE    MF.TAl.I-ir   TAPE   BA.SE    APPARAIUS. 

\.  —thftcriptioH  of  apparaiim  and  iin  imr. 

8ec.     1.  Historical  note 413.414 

2.  The  1<KV»  tapes 411,  n.*> 

3.  TIh'  tape  stretchers 415 

4.  Th**  thermonu-ters llTi,  416 

.'i.  Meth<id  of  sup]»ortin^  and  marking  position  of  tape 416,417 

6.  t )pcrat ion  of  measurement 4 17, 4 IS 

B. — Jhtermination  of  fqiiathns  of  tapes. 

7.  Apparatus  for  ob.serviug  lengths  of  tapes 4  IS,  4 19 

8.  Methoil  of  observation 419,420 

9.  LeiiMth  of  t:jpe  in  terms  of  comparator  interval 420-422 

1(*.  Thernmiiiett'r corrections 422,423 

n.  Ad»i]»t<Ml  lengths  <»f  the  ccunparator 423 

12.  Correction  for  index  error  of  babinces 423 

13.  Observed  data  for  lengths  an<l  rates  of  expansion  of  steel  tapes  Nos. 

sr>and88 424-427 

14.  Dei'lvation  of  equations  of  t apes 427-430 

15.  Discussion  of  results 4.30-432 

16.  Probable  errors  of  tape  lengths 432,433 

17.  Practical  form  of  equations  of  tapes • .,..•,...  NJSb^*Ss\. 


33(5  U.    8.    COAST   ANM)    (JKODKTIC    Sl/KVKY. 

(■HAITKR   V. 
MKASIKFMKNTS    OF    in»LT<lN'    AXI>    ST.    AKBANS    MASKS    WIIH    TIIK    TATK    AriVAKAlUS. 

A,-- II ol foil  hntif  nunsiintHnit. 

StT.     1.  LfK'iitioii  of  basi' niid  preparation  for  iiH'aHiirciiuMit IIfc'> 

2.  McastinMiHMits  of  tlio  Ki'i-tionsnf  tli»'  lia.s*' -lid.  1:<H 

1$.   Dot'Tiii  ilia  til  III  i»f  «ira«li'  <'onvriiiiiiM A'Mi,  \'M 

4.  (.'ornM'lioii  for  in<l«*x  orror  of  lialaiirrs ll>7-r^ll 

5.  SpfciiiuMi  of  HM'onl  and  rtmiputatiou VWK  \  Ui 

IJ.   Ki'siilts  of  tlo"  iiusisurrs  of  llio  sorticMiH  of  lloltoii  lia^r Il(t--U2 

7.   liitiTpntatitMi  of  n'Miilts I  Ki.  14 1 

S.  CoiicliwioiiM  t'niin  tap*-  in«'a»»nii"«  of  staiidanl  Uilniiwtri' 411-4 HJ 

JK  Mean  valiirs  of  Irni^tlis  of  sn'tinnM  of  haM* 4  III,  4  47 

10.  KrrniH  of  iiH-asiiri'iiHMit 4  47-4.V1 

11.  Tiohalilo  o.iToiH  of  mean  Ii'ii«jr lis  of  . sect  ions,     dn  Tmlialile  <»rrors 

lino  to  errors  of  nieaHnrenient.    (/>)  I'robalile  enoi>  iliie  to  errors 

of  tapj*  lenj^ths 4r»<)-  \7*2 

12.  .\<l«»pteil  Ien;;il lis  anil  errors  of  Heii imis 4r>2 

].'{.  Adopteil  ]en,!;;ili  an<)  probalile  error  of  lloiton  Itii-oeas  inea>nre(l  with 

tlie  tapes 4.*»2-4ri4 

14.   I>ata  for  reiliKtion  to  sea  J»»vel 4.M.  455 

l». — Sf.  .tlhmiH  hasc  mnisHrrmt  Hf. 

ir».   fjoe.ition  <if  liase  and  )»re|»aration  for  ineasiiieinint l;'."* 

111.   Measiircnieiits  of  the  base LV)   ir»7 

17.   Ih'terniin.itinn  of  ijrade  eorreetions 4r»7 

IH.   Detenu  illation  of  ta]>e  temperatures .* 457.  45s 

V,K  Ten^tion  eoireetioii  and  workinic  lengths  of  tapes 45S.  t,5t» 

2t».   KesnIt.H  of  tln^  measures  of  St.  Albans  base 4511,  4»ii) 

21.  Interpretation  of  results IT'O-liU 

22.  Values  tor  nieasiired  leni^tlisof  bane  and  probabb*  error  of  nuaMnv- 

inent Hit    H>7 

2.'>.  Probable  orior  of  base  due  to  errors  of  tape  lenutlis h»7.  MJX 

24.  Corrertions  to  measnied  bii;j;tli  of  ba>e 4«»S.|70 

25.  Adopted  IcMi^th  and  ]irobable  error  of  .^t.  Allwins  base 470 

215.  Kcsnlts  of  special  exjn'rinient.s  with  tape.--,  on  .St.  Alhans  ba-^e 470-474 

Srpri.iiMi'.M  A. 
Mi:iiinii  OK  fdMiM  rixij  r»iui:r.rTiiiN  mu  fi.kai  i:f  ok  5^x1111:1.  n\K  Hi:. 

See.     1.  Nature  of  llexnic  eonsidered 475.47fi 

2.  Theory  of  eompntation 47t>-47?< 

3.  Kxaiiiple  of  (.'oinjHitation 478,47!) 

Srrri.K.MKM  I*. 

MATHrMATICAl.  'llir.ol;^    n|     MKTMIH     TAl'I.S. 

Sfc.     1.  <dijeet  of  ill  vestigial  ion 4W 

2.   Kipiations  «»f  eijnilibrinm  of  elastic-  tape^* ISO,  481 

.'<.  Inteijration  of  equations 4.S2-484 

4.  San  «»f  tape 484 

5.  ('iian;;e  in  lenj^th  of  tape  due  to  idiaiiire  in  lension 481-486 

6.  (.-h.-inire  in  le.nuth  of  tape  due.  to  ehan.ne  in  nnnibrr  of  supports..,.  48B 

7.  (Mian)^c  in  length  of  taj»e  due  to  ehan^ie  in  weight  per  unit  length.   48t», 487 

8.  ('haii«;o  in  l«n;(th  of  tap<»  dm*  to  slope  of  it-i  .supports 487-489 

i»,  I'liaiii^e  in  len«itli  of  ta|»f  «liie  to  incMinality  in  spai  in;;;  of  it>  supports  489 


letter  of  transmittal. 

United  States  Coast  and  Geodetic  Survey, 

Washington^  D.  C,  June  26, 1893. 

Sir  :  I  have  the  honor  to  transmit  herewith  my  complete  report  on 
the  Iced  Bar  and  Tape  Base  Apparatus  of  the  Survey,  and  on  the  re- 
sults obtained  with  them  in  the  measurements  of  Holton  and  St.  Albans 
bases. 

Since  the  attempt  to  use. such  forms  of  apparatus  constitutes  what 
some  geodesists  would  consider  a  bold  if  not  doubtful  experiment,  I 
have  thought  it  desirable  to  give  a  pretty  full  account  of  them  and  of 
the  measures  made  with  them.  Accordingly,  all  of  the  results  obtained 
in  standardizing  the  apparatus  and  in  measuring  lines  with  them  are 
given  in  detail. 

Although  the  critical  reader  will  thus  be  able  to  form  his  own  esti- 
mate of  the  character  of  these  forms  of  apparatus  and  of  the  work  done 
with  them,  it  may  not  be  out  of  place  here  to  state  briefly  what  appear  to 
me  to  be  attainable  limits  of  precision  in  measures  made  with  each 
form. 

With  respect  to  the  iced-bar  apparatus,  it  seems  practically  certain 
from  our  experience  that  a  probable  error  of  one  five-millionth  part  in  the 
length  of  the  measuring  bar  is  attainable,  and  that  an  equal  precision 
will  result  in  the  mean  of  a  few  measures  of  a  line  made  with  the  appa- 
ratus. This  degree  of  precision  has  not  been  reached  in  work  already 
done  with  the  apparatus,  but  its  attainment,  should  it  be  desirable, 
depends  only  on  the  removal  of  two  obstacles.  These  are,  in  the  order 
of  their  importance,  1st,  the  uncertainty  in  tbe  length  of  the  Prototype 
Metres  at  0°  C,  and,  2d,  the  uncertainty  from  personal  equation,  due 
in  the  case  of  the  Survey  bar  to  inequality  in  the  widths  of  its  terminal 
graduations. 

With  respect  to  the  tape  apparatus,  it  seems  equally  certain  that  a 
l)recision  indicated  by  a  probable  error  of  one  two-millionth  part  of  a 
measured  line  is  an  attainable  limit.  A  probable  error  of  one  one-mil- 
lionth part  appears  to  be  easily  and  cheaply  attainable  with  the  long 
tai)es  after  they  are  standardized.  This  would  seem  to  be  amply  suffi- 
cient for  the  present  purposes  of  geodesy,  but  the  sole  obstacle  in  the 
way  of  much  higher  precision,  should  it  ever  be  deemed  essential,  is,  I 
believe,  the  difficulty  of  measuring  the  tape's  temperature. 

Very  respectfully  yours, 

R.  S.  Woodward, 

Assistant^  Coast  and  Oeodetic  Survey, 
Dr.  T.  C.  Mendenhall, 

Superintendent  Coa^t  and  Oeodetic  Survey. 

S.  Ex.  37—22  337 
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chapter  i. 

Descbiption  of  the  Iced  Bar  Base  Apparatus  and  its  Ap 
cation  to  the  measurement  of  base  llnes. 

(1)  Historical  Note. — Tlie  use  of  ice  in  thermometry  to  famish  a  sts 
ard  temiK»rature  uaturally  suggests  the  availability  of  ice  to  fix  the  i 
l^erature  of  a  standard  of  length  when  used  iu  laboratory  oomparii 
or  in  measuring  base  lines.  It  does  not  api>ear,  however,  that  ice 
been  generally  used  even  in  laboratory  work  with  standards  of  leng 
and  I  am  not  aware  that  any  attempt  has  been  made  hitherto  to  m 
ui*e  a  base  with  a  bar  whose  temperature  is  controlled  by  meai 
melting  ice.  The  feasibility  of  using  such  an  apparatus  in  base  m 
urement  has,  nevertheless,  been  suggested  and  maintained  by  sev 
persons.  One  of  the  first,  if  not  the  first,  to  outline  a  scheme  for  e 
an  apparatus  is,  I  believe,  Mr.  E.  S.  Wheeler,  a  former  colleague  on 
i;'^.  S,  Lake  Survey.  Mr.  Wheeler's  plan  is  advocated  by  Prof.  T, 
Wright  in  his  treatise  on  the  Adjustment  of  Observations.t  The 
Capt.  C.  O.  Boutelle,  of  the  U.  S.  Coast  and  Geodetic  Survey, 
advocated  the  use  of  such  apparatus. 

Soon  after  joining  the  U.  S.  Coast  and  Geodetic  Survey  in  Jnly,  1 
I  was  requested  by  Dr.  Mendenhall,  Superintendent,  to  devise  mc 
of  testing  in  the  most  tliorough  way  practicable  the  efficiency  of 
various  forms  of  base  ai)paratus  used  by  the  Survey,  and  especially 
efficiency  of  long  steel  tapes  or  wires.  Accordingly,  considerable  st 
was  given  to  this  subject  during  the  autumn  of  1890  and  the  wiut< 
189()-'91,  and  the  plans  and  specifications  for  the  iced-bar  appar 
considered  in  this  paper  were  matured  and  a]>proved  early  in  the  sp 
of  1891.  It  was  constructed  in  Washington,  partly  by  the  machii 
E.  X.  Gray  &  Co.,  and  D.  Ballanf,  and  i)artly  by  the  Instrument 
vision  of  the  Survey. 

Before  proceeding  to  a  description  of  the  apparatus  I  desiri 
acknowledge  my  indebtedness  to  colleagues  of  the  Survey  for  valu 
suggestions  and  criticism.     I  am  si)ecially  indebted  to  Mr.  John  S. 


*  From  published  accouiitH  it  would  appear  that  the  most  extouaive  serit 
laboratory  comparisous  of  staudards,  wherein  ice  was  used,  are  those  of  the  ' 
Lake  Survey,  conducted  under  the  superintendence  of  Gen.  C.  B.  Comstook,  C 
Engineers,  U.  S.  Army.  In  these  comparisons  ice  was  successfully  used  during 
eral  years.    See  Professional  Papei-s.  Corj^s  Kngineers,  II.  S.  Army,  No.  24. 

t  D.  Van  Nostrand,  New  York,  1{<^.  See  albo  .Vm.  Jour.  Science  in,  vol.  xx 
p.  479. 
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bert,  who  verified  all  of  the  prehminary  calculations  relative  to  the 
stability  and  efficiency  of  the  apparatus,  and  who  elaborated  many  of 
the  designs  and  made  most  of  the  working  drawings  for  its  construc- 
tion. I  am  particularly  indebted  also  to  Mr.  E.  G.  Fischer,  chief  me- 
chanician of  the  Survey,  whose  knowledge  of  and  skill  in  mechanical 
ai)pliances  were  frequently  appealed  to.  Finally,  it  affords  me  pleas- 
ure to  state  that  my  friend,  Mr.  B»  S.  Wheeler,  who  has  had  extensive 
experience  with  base  apparatus,  happened  to  visit  Washington  about 
tlie  time  the  plans  for  this  apparatus  were  completed,  and  gave  me 
the  benefit  of  his  advice  and  criticism. 

(2)  General  features  of  apparatus, — The  iced-bar  apparatus  belongs  to 
tliat  type  in  which  a  single  rigid  bar  is  used  as  the  element  of  length, 
along  with  micrometer  microscoi)es  to  mark  its  successive  positions. 
An  idea  of  the  nature  of  the  apparatus  may  be  gained  from  illustrations 
31  and  32,  The  first  of  these  shows  the  apparatus  as  used  on  the  100'° 
comparator  of  Holton  base,  described  at  length  in  section  2,  Chapter  iii. 
The  other  plate  shows  the  apparatus  as  used  on  the  standard  kilo- 
metre of  the  same  base.  It  will  be  seen  that  the  measuring  bar  is 
carried  in  a  trough,  where  it  can  be  kept  surrounded  by  melting  ice. 
This  trough  is  mounted  on  two  cars,  which  move -on  tracks,  stationary 
or  portable,  as  the  case  may  be.  The  microscopes,  as  shown  in  the 
illustrations,  are  mounted  on  wooden  posts,  which  are  ranged  out  and  set 
firmly  in  the  ground  beforehand.  This  sort  of  support  for  the  micro- 
scopes, though  not  essential  to  the  apparatus,  is  convenient  and  economi- 
cal when  a  series  of  measures  of  the  same  line  is  to  be  made.  The 
microscopes  are  easily  clamped  to  and  detached  from  the  posts,  and  are 
moved  forward  as  the  measure  of  a  line  progresses.  The  trough  caiTy- 
ing  the  bar  and  ice  load  is  likewise  easily  rolled  forward  on  the  cars 
along  the  tracks. 

The  apparatus  is  6™  long,  so  that  the  microscope  posts  are  set  5»" 
apart.  The  supports  for  the  car  tracks  are  also  set  6™  apart,  but  are 
placed  half  way  between  the  microscope  jwsts,  so  as  to  avoid  trans- 
mitting disturbance  to  the  latter  through  the  ground. 

As  shown  in  illustration  No.  31,  the  apparatus  on  the  100™  comparator 
was  protected  from  the  direct  rays  of  the  sun  by  a  shed.  For  field- 
work,  on  the  other  hand,  the  microscopes  were  shielded  by  means  of 
large  umbrellas,  jis  shown  in  illustration  No.  32. 

The  general  features  of  the  apparatus  are  thus  apx>arent,  and  we  may 
pKK-eod  to  describe  it«  parts  in  detail. 

(3)  The  measuring  bar. — The  measuring  bar  of  this  apparatus  is  a 
rectiingiilar  bar  of  tire  steel.  It  was  rolled  in  the  steel  works  at  Lan- 
caster, Pa.  It  is  5-02»"  long,  8""  thick,  and  32""  deep.  A  cross  section 
is  sliown  at  A  in  the  accompanying  illustration,  p.  340. 

The  upper  half  of  the  bar  is  cut  away  for  about  2«"  at  either  end  to 
receive  the  graduation  plugs  of  platinum-iridium,  which  are  inserted  «» 
that  their  upper  surfaces  Ji©  in  the  ueutc^i  ^\3cc1ai»b  q1  \Jsi^\y«x,  "^Nsss*. 
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lines  are  ruled  on  each  of  these  plugs,  two  in  tlie  directiou  of  tiud  one 
trsDSverae  to  the  length  of  the  bar.  These  lines  were  ruled  by  Mr.  LoaiB 
A.  Fischer,  adjuster  in  the  OflBce  of  Standnrd  Weights  and  Measurea. 
The  longitadiual  lines,  which  serve  t«  limit  the  parts  of  the  transverse 
lines  used,  are  0*2™°'  apart.    Although  great  paiim  were  taken  to  have 


the«e  lines  of  the  same  width,  the  transveise  lines  differ  widely,  the 
narrower  one  being  16-3''  and  the  broader  one  SB-S'  wide. 

Tliis  bar  is  known  in  the  Survey  records  as  Xo.  17.  It  is  designated 
in  all  the  work  done  with  it  tluis  fiar  as  Bn.  The  end  having  the  n*r- 
*" — r  transvei'se  graduation  mark  is  called  tiie  A  eud. 
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To  secure  alignment  of  the  bar,  eleven  German  silver  plugs  of  5™'" 
diameter  are  inserted  at  intervals  of  495°*™  along  the  bar,  so  that  they 
project  about  1™°*  above  its  top  surface.  The  upper  surfaces  of  these 
plugs  are  all  the  same  distance,  within  a  few  hundredtlis  of  a  milli- 
metre, from  the  neutral  surface  of  the  bar.  On  the  top  of  each  plug  is 
ruled  a  fine  line  in  the  direction  of  the  bar,  as  shown  at  P  in  the  illustra- 
tion. The  length  of  the  bar  as  regjirds  alignment  is  defined  to  be  the 
distance  between  the  transverse  graduation  marks  when  the  upper 
surfaces  of  the  alignment  plugs  are  all  in  one  pLane  and  when  the  lines 
on  these  plugs  are  in  one  straight  line.  The  means  of  securing  these 
two  adjustments  are  described  below.* 

(4)  The  y  Trough. — The  most  important  and  distinctive  part  of  this 
apparatus  is  the  trough  which  supi)orts  the  bar,  keeps  it  aligned,  and 
carries  the  ice  load  essential  to  control  the  bar's  temperature.  This 
trough  is  called  the  Y-ti'Ough  by  reason  of  the  resemblance  of  its  cross 
section  to  the  letter  Y.  The  drawing  shows  a  cross  section  of  this  . 
trough.  It  is  made  of  two  steel  plates  5-14'"  long,  2r>'5' •"  wide,  and  3"'™ 
thick.  They  are  bent  to  the  angle  B  C  D  of  the  figure,  and  are  riveted 
together  as  shown  at  E,  thus  making  the  angle  of  the  trough  B  C  F= 
t>0o.  The  bar,  shown  in  cross  section  at  A,  is  supported  at  every  half 
metre  of  its  length  by  saddles,  one  of  which  is  shown  in  the  figure. 
These  saddles  are  rigidly  attached  t6  the  sides  of  the  trough  by  screws 
atS,  S.  Each  saddle  carries  one  vertical  and  two  lateral  adjusting 
screws  as  shown  at  V,  L,  L'.  These  screws  serve  to  fix  the  alignment 
of  the  bar.  The  lateral  adjusting  screws  of  the  saddles  at  the  ends  of 
the  bar  are  of  the  same  hei  ght^  which  is  equal  to  that  of  the  lower  screw 
L'  of  the  diagram.  The  lateral  adjusting  screws  of  the  intermediate 
saddles  on  either  side  of  thd  bar  are  alternately  high  and  low.  The 
object  of  this  dispositioii  is  two  fold,  to  wit :  1st,  to  prevent  pinching  the 
l>ar,  which  might  more  readily  occur  if  the  lateral  screws  were  all  oppo- 
site to  one  another  5  2d,  to  afford  means  of  rotating  the  bar  slightly 
about  its  longitudinal  axis,  so  that  for  a  fixed  and  nearly  vertical  posi- 
tion of  the  trough  the  graduated  surfaces  of  the  bar  may  be  nmde 
horizontal.  The  vertical  adjusting  screws  of  the  saddles  project,  as 
shown  in  the  diagram,  below  the  vertex  of  the  trough,  and  their  capstan 
heads  are  accessible  through  slots  cut  in  the  web  of  the  trough.  These 
slots  serve  also  as  drainage  ways  for  the  melted  ice.  To  prevent  cir- 
culation of  air  through  them  they  are  stuffed  with  cotton  batting, 
through  which  the  water  percolates  freely.  The  ends  of  the  trough  are 
dosed  with  wooden  V-shaped  blocks. 

The  trough  is  very  rigid  in  all  directions  and  especially  so  with 

*The  form  of  bar  described  is  evidently  not  the  best  form.    Theory  and  experience 
indicate  that  a  bar  having  a  Y-shaped  cross  section  with  metric  subdivisions  on  its 
neutral  surface  would  best  meet  the  requirements.    However^  the  queatvo^  ^\£lO^ 
presented  itself  in  planning  the  apparatus  was  not  'wYisA*  \a  Vki'b\^«i&\»  It^xt^  ^1>uv^  ^>Qi^N» 
what  is  the  most  economical  form  possesslug  the  xoqui&VXie  \yto\k«t\K«a« 
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resi)cct  to  vortical  stresses.  1 1  weiglis  82  k ilo«jrra  iiiiih^s,  oxdiisive  of  the 
bar  and  ice  load.  The  wliole  trough  is  covered  by  a  closely-fitting 
jacket  of  heavy  white  cotton  felt,  which  protects  the  trough  and  ice 
load  alike  from  direct  radiation. 

For  measuring  grade  angles  a  sector  reading  by  two  opposite  ver- 
niers to  10"  is  attached  to  one  side  of  the  trough  near  its  middle  point. 
Thus  arranged  this  sector  has  great  stability. 

(5)  Hie  ice  load  and  ice  crusher. — When  the  apparatus  is  in  use  the 
Y-trough  is  completely  tilled  with  pulverized  ice,  the  upper  surface  of 
which  is  rounded  to  about  the  height  shown  by  the  curve  B  H  F  in  the 
diagram.  The  amount  of  ice  required  for  this  purpose  is  about  40 
kilogrammes,  or  8  kilogrammes  per  metre  of  the  bar's  length*.  The  ice,  by 
reason  of  its  weight  and  the  sloping  sides  of  the  trough,  is  kept  in  close 
contact  with  the  bar.  This  is  especially  the  case  when  the  apparatus 
is  in  use,  for  it  is  then  trundled  along  on  its  cars  with  sufficient  jarring 
to  overcome  any  tendency  of  the  ice  to  pack.  For  covering  the  ends 
of  the  bar  a  small  quantity  of  ice  is  cut  with  a  jack  plane.  Ice  thus 
cut,  like  wet  snow,  packs  well  and  permits  making  a  small  conical  hole 
through  it  to  the  graduation  plugs. 

A  very  essential  auxiliary  to  the  use  of  the  apparatus  is  an  ice- 
crusher  to  pulverize  the  ice.  The  machine  used  is  a  modification  of 
the  Greasey  ice  breaker  manufactured  at  Philadelphia,  Pa.  It  is  a 
small  light  hand  machine  which,  as  modified,  does  its  work  very  satis- 
factorily. With  it40  kilogiammesof  ice  maybe  pulverized  in  ten  minutes 
or  less.  The  particles  of  crushed  ice  vary  in  size  from  the  smallest 
visible  up  to  the  bulk  of  a  cubic  centimetre;  and  this  gradation  in 
size  appears  to  be  advantageous  as  compared  with  uniformly  finer 
particles  like  those  of  snow,  since  there  is  less  liability  of  regelation 
and  packing. 

(6)  Tlie  cars  and  portable  tracJc. — The  Y-trough  is  mounted  on  two 
cars,  the  saddles  or  bolsters  of  which  are  attached  to  the  trough  40*"* 
from  either  end.  Each  saddle  is  attjvched  rigidly  to  the  trough  above 
and  to  a  jackscrew  below.  The  jackscrew  is  attached  to  a  slide  rest 
which  is  connected  rigidly  with  the  base  of  the  car.  The  slide  rests 
are  provided  with  screws  to  give  slow  motions  in  the  direction  of  the 
trough's  length  and  transverse  to  its  length. 

The  jackscrew  cylinders  have  right  and  left  handed  threads  at  their 
respective  ends  and  are  turned  by  a  short  capstan  bar.  They  give 
thus  the  rapid  vertical  motion  to  the  trough  essential  in  bringing  the 
])ar  quickly  to  focus  under  the  microscoi>es  which  define  its  position. 

The  cars  have  each  three  wheels  and  run  on  a  portable  track  wiiose 
width  is  30'"'.  Three  sections  of  this  track,  each  5'"  long,  are  provided; 
and  each  section  is  carried  forward  as  the  (;ars  are  rolled  along  during 
the  measurement  of  a  line,  it  thus  appears  that  instead  of  lifting  up 
and  carrying  forward  the  measuring  bar  as  with  most  forms  of  appa- 
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ratus,  this  rather  delioate  and  difficult  operation  is  supphinted  by  that 
of  moving  the  portable  tracks, 

(7)  The  micrometer  microscopes. — To  delinc  the  successive  positions 
of  tlie  bar  in  measuring  a*  line,  micrometer  microscopes  are  used- 
Through  the  courtesy  of  Gen.  Cfisey,  Chief  of  Engineers,  U.  S. 
Army,  the  Survey  was  enabled  to  borrow  the  four  microscopes  and  the 
ciit-oft*  cylinder  of  the  Repsold  base  apparatus*  used  on  the  U.  S.  Lake 
Snrvey.  These  are  especially  well  adapted  for  use  with  any  line 
measure  apparatus.  As  designed  by  the  Repsolds  and  as  used  on  the 
Lake  Survey  the  microscopes  were  mounted  on  iron  tripods.  These 
latter  having  been  destroyed  by  fire  while  stored  at  the  Engineer  depot 
at  Willetts  Point,  N.  Y.,  it  was  essential  to  replace  them  by  some 
equivalent  device.  In  view  of  the  economic  and  other  features  of  the 
special  work  contemplated  with  the  iced-bar  apparatus,  it  was  decided 
to  mount  the  microscopes  on  wooden  posts  set  firmly  in  the  ground. 
To  connect  the  microscope  with  the  post  a  cast-iron  post  cap  is  pro. 
vided.  It  fits  like  a  box  cover  on  the  end  of  the  post  and  is  clamped 
rigidly  to  it  by  means  of  a  screw. 

The  microscopes  are  provided  with  levels  and  leveling  screws,  so  that 
tlieir  axes  may  be  ma<le  vertical.  They  are  mounted  on  slide  rests 
which  give  a  motion  of  2^"  in  the  direction  of  the  line  measured  or 
transverse  to  it.  To  secure  additional  displacement  in  the  direction  of 
the  line  a  small  rotary  motion  is  pro\ided  for  in  the  connection  of  the 
microscope  with  the  post  cap.  The  micrometer  lieads  of  the  micro- 
scope are  divided  to  read  microns  directly,  one  revolution  of  the  screws 
corresponding  to  0-1""'.  When  used  in  the  field  the  microscopes  are 
shaded  from  the  sun  by  large  umbrellas. 

With  this  method  of  mounting  the  microscopes  it  is  advantageous  if 
not  essential  to  set  the  microscope  posts  and  those  supporting  the 
portable  track  before  beginning  measurement. 

(8)  End  marliS  and  method  of  reference  thereto. — The  method  of  marking 
tlie  end  of  a  line  is  essentially  that  of  the  Repsolds  and  fully  described 
in  tlie  Lake  Survey  Report  referred  to  above.  It  consists  in  the  use  of 
a  metallic  bolt  terminating  in  a  spherical  head,  the  bolt  being  embedded 
in  a  stone  or  other  stable  mass  set  in  the  ground.  The  center  of  the 
bolt  head  is  the  fiducial  point.  To  refer  to  this  point  a  cylinder  called 
a  cut  off  cylinder  is  used.  It  terminates  at  one  end  with  a  conical 
hole  which  fits  over  the  spherical  head.  The  other  end  is  provided 
with  a  transverse  level  and  graduated  scale.  The  scale  is  brought  by 
a  rack  and  pinion  motion  to  focus  under  the  microsox)pe  whose  position 
relative  to  the  fiducial  point  is  sought.  The  scale  and  level,  which 
are  parallel  to  each  other,  are  placed  parallel  to  the  line  measured. 
Witli  the  cylinder  thus  disposed,  readings  of  the  micrometer  on  the 

*  Fully  described  in  General  Comstock's  report  referred  to  in  section  (1). 
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scale  and  of  the  iM).sitioii  of  the  level  bubble  are  made.  The  cylinder 
is  theu  tunie<l  180^  in  azimuth  aud  the  scale  and  level  readings  are 
again  observed.  From  these  observations  and  the  height  of  the  scale 
above  the  bolt  head,  the  horizontal  distance  (in  the  direction  of  the 
line)  between  the  micrometer  zero  and  the  fiducial  point  may  be  accu- 
rately determined. 

(9)  Adjustments  of  apparatus, — The  most  important  adjustment  of 
the  apx)aratus  is  the  alignment  of  the  bar  in  the  Ytrough.  This 
adjustment  is  made  when  the  ice  load  is  in  the  trough  and  after  the 
latter  has  had  time  to  ai^sume  a  stable  shape.  This  time  does  not 
exceed  16  minutes. 

As  already  stated,  the  alignment  of  the  bar  requires  that  the  upper 
surfaces  of  the  ah'gnment  plugs  be  in  one  plane,  and  that  the  lines  on 
these  plugs  be  in  the  same  straight  line.  The  former  requisite  is 
secured  by  a  striding  level  whose  feet  are  99*'"  apart,  so  that  they  reac*h 
from  any  plug  to  the  second  adjacent  plug.  Beginning  at  one  end  of 
the  bar  the  plugs  are  numbered  1,  2,  3, — 11.  By  x>lac*ing  the  level  feet 
in  succession  on  plugs  1  and  3,  3  and  5,  etc.,  plugs  1,  3,  5, — 11  are 
brought  into  the  same  plane  by  means  of  the  corresiK)nding  vertical 
adjusting  screws,  the  screws  under  plugs  2,  4, — 10  being  loosened  if 
need  be  to  secure  this  end.  Having  thus  adjusted  plugs  1,  3,  5, — 11, 
the  level  is  placed  on  plugs  2  and  4,  4  and  6,  etc.,  and  the  vertical 
screws  are  brought  up  to  contact  with  the  bar,  but  not  raised  enough 
to  disturb  the  previous  adjustment  of  1,  3,  6 — 11,  which  are  the  prin- 
cipal defining  plugs  in  this  adjustment. 

To  place  the  lines  on  the  plugs  in  the  same  straight  line  a  sharp- 
pointed  plumb  bob  suspended  from  a  fine  brass  wire  stretched  over  the 
trough  was  originally  used.  This  device,  with  the  aid  of  the  lateral 
adjusting  screws  of  the  saddles,  permits  placing  the  lines  in  proi>er 
])Osition  within  0*1"»°>  when  the  trough  is  fully  loaded  with  ice.  Expe- 
rience with  the  apparatus,  however,  showed  that  the  simpler  method 
of  stret<;hing  the  wire,  or,  better  still,  a  fine  thread,  close  over  the  plugs 
when  the  trough  is  about  four-fifths  loaded  secures  equally  good  results. 

It  was  feared  before  using  the  apparatus  that  the  daily  temperature 
range  might  produce  an  appreciable  effect  on  the  length  of  the  bar 
through  change  in  curvature  of  the  trough.  Hence  the  accurate  method 
of  measuring  such  change  by  the  striding  level  was  i)rovided.  But 
experience  shows  that  the  change  in  shape  of  the  trough  gives  rise  to 
quite  insignificant  changes  in  length  of  the  bar.  Indeed,  the  align- 
ment of  the  bar  may  be  maintained  so  perfectly  that  the  correction  for 
its  curvature  will  not  exceed  a  few  tenths  of  a  micron. 

The  grade  sector  of  the  apparatus  is  adjusted  to  zero  when  the  grad- 
uated surfaces  of  the  bar  are  in  the  same  horizontal  plane.  To  secure 
thelatterconditionaneugineer'slevelisused;  and  with  api)ropriate  care 
the  difference  in  height  of  the  ends  of  the  bar  can  be  made  zero  with  a 
probable  error  not  exceeding  ±0'1"*". 
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The  microscopes  are  provided  with  fixed  levels,  which,  when  once 
adjusted,  enable  the  operator  to  make  the  axes  of  the  microscopes  ver- 
tical. They  are  also  provided  with  clamp  screws,  so  that  they  may  be 
rigidly  held  in  proper  position. 

When  posts  are  used  to  support  the  microscopes,  as  has  been  the  case 
with  this  apparatus  thus  far,  they  must  be  set  in  their  proper  positions 
within  a  centipetre  or  two.  It.  is  easy  and  convenient,  however,  to 
adjust  their  sides  facing  the  line  to  be  measured  with  much  greater  pre- 
cision. When  firmly  set,  a  line  parallel  to  the  base  may  be  deliberately 
ranged  out  with  a  theodolite  of  high  magnifying  power,  and  this  line 
may  be  defined  by  suitable  marks  on  each  post.  Then  by  simply  noting 
the  distance  of  the  axis  of  the  bar  during  measurement  from  this  refer- 
ence line  an  accurate  correction  for  deviation  of  the  bar  from  parallelism 
with  the  base  may  be  obt^iined.  This  adjustment  of  the  posts,  though 
not  essential  to  the  use  of  the  apparatus,  has  been  followed. 

Another  convenient  adjustment  which  the  use  of  posts  permits  is  that 
of  making  the  tops  of  several  or  many  posts  conform  to  one  grade.  By 
this  means,  since  the  four  microscopes  used  are  closely  alike,  the  grade 
angles  for  several  or  many  bar  lengths  are  nearly  the  same,  a  condition 
favorable  to  precision  in  determining  grade  corrections.  As  an  addi- 
tional pre<;aution  in  the  use  of  this  apparatus,  the  relative  heights  of 
the  alternate  post  tops  have  been  determined  with  an  engineer's  level. 

(10)  Method  of  measurement, — ^To  conduct  the  measurement  of  a  line 
with  this  apparatus  eight  men  are  required,  to  wit :  Three  observers ;  one 
recorder;  one  man  to  move  the  microscopes;  and  three  men  to  move  the 
car  tracks,  the  microscope  shades,  and  the  ice  and  ice-crusher. 

The  operation  of  measurement  proceeds  as  follows:  The  position  of 
the  microscope  relatively  to  the  fiducial  point  at  the  end  of  the  line 
having  been  observed  as  explained  above,  the  rear  end  of  the  bar  is 
brought  to  focus  under  that  microscope  by  the  rear  end  observer.  By 
means  of  a  lever  which  grips  into  the  track  and  hinges  on  the  car,  the 
latter  observer  holds  the  bar  near  to  bisection  under  the  microscope, 
while  the  iront  end  observer  brings  his  microscope  into  position  over 
the  front  end  of  the  bar;  to  do  which  he  can  make  use  of  the  lateral 
motion  of  the  trough,  of  the  microscope,  or  both.  When  the  bar  is 
adjusted  at  both  ends  the  rear  observer  brings  the  rear  end  graduation 
accurately  to  bisection  between  the  micrometer  wires  by  use  of  his 
lever  without  turning  the  micrometer  screw.  Simultaneously  he  gives 
the  signal  "read"  to  the  front  observer,  who  brings  his  micrometer 
wires  to  bisect  the  front  end  graduation  mark  by  moving  the  micro- 
scope, the  micrometer  wires,  or  both.  The  observers  then  read  their 
micrometers  and  the  recorder  notes  them  down  in  his  book,  after  which 
the  rear  observer  turns  his  micrometer  screw  a  half  revolution  or  less 
backwards.  The  observers  then  exchange  positions.  The  rear  observer 
carrying  with  him  his  lever  applies  it  to  the  front  car  and  b^vcv^^^C^vf^ 
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front  end  graduation  to  bisection  without  disturbing  the  micrometer 
threads  from  their  previous  i>o8itioii;  while  at  the  signal  ^< read'' the 
front  observer  bisects  the  rear  end  graduation  by  moving  the  threads 
with  the  micrometer  screw.  They  then  announce  the  readings  as  be- 
fore and  the  recorder  jots  them  down,  notifying  the  observers  at  the 
time  if  the  screw  revolutions  differ  from  tlieir  previous  values.  This 
process  eliminates  the  personal  equation  of  tlie  observers  and  checks 
any  blunders  of  whole  revolutions  in  reading  the  microscopes,  each  of 
them  Ix^ing  read  four  times,  and  the  four  readings  being  the  same  within 
a  few  microns.    The  probable  error  of  a  bisection  is  less  than  ±1**. 

While  the  bar  is  in  position  under  the  microscopes,  the  third  observer 
measures  the  distance  of  the  front  end  (and  the  rear  end  at  starting) 
of  the  axis  of  the  bar  from  the  reference  line,  and  adjusts  the  sector- 
level  bubble  to  center,  taking  care  at  the  same  time  to  keop  away  fit>m 
the  microscope  posts  when  the  bar  is  observed.  The  grade  sector  read- 
ing is  then  made  and  recorded,  and  the  bar  is  rolled  rapidly  forward 
to  a  new  position. 

As  soon  as  the  rear  end  of  the  bar  is  brought  safely  to  position  under 
a  microscope  the  one  previously  at  the  rear  end  is  taken  up  and  carried 
forward  by  the  microscope  porter,  who  clamps  and  adjusts  it  on  a  new 
post.  Likewise  as  soon  as  a  section  of  track  is  passed  over  it  is  car- 
ried forward  to  a  new  position. 

The  observers  stand  on  platforms  which  rest  at  their  ends  on  the 
ground  at  a  distance  of  about  1  metre  on  either  side  of  a  microscope 
post. 

At  intervals  of  twenty  to  forty  minutes  fresh  ice  is  supplied,  the 
trough  being  run  to  the  rear  of  or  ahead  of  the  two  microscoi>es  which 
were  last  used.  The  trough  is  completely  uncovered  in  this  ojieration 
and  the  ice  stirred  up  and  supplemented  by  the  amount  requisite  to 
replace  the  waste.    This  amount  is  usually  3  to  5  kilogrammes. 

The  speed  of  measurement  has  varied  somewhat  with  circumstances. 
It  has  usually  been  about  100"'  per  hour;  750'»*  were  measured  in  seven 
hours  on  two  different  dates;  and  a  kilometre  would  not  be  an  exces- 
sive day's  work. 

(11)  Specimen  of  record  and  computntion^. — Tables  I  and  II  following 
give  a  copy  of  the  records  of  a  measure  with  the  iced  bar  of  the  interv^ 
of  the  100"»  comparator  of  HoltoTi  Base  described  in  section  2,  Chapter 
III.  In  Table  I  the  first  column  gives  the  number  of  the  bar  length 
applied  in  the  measure,  and  the  second  the  time  of  application.  The 
third  column  gives  the  number  of  the  microscope  used  at  the  left-hand 
end  of  the  bar,  the  left  and  right-hand  ends  of  the  bar  being  to  the  left 
or  right,  respectively,  of  the  observer  as  he  stands  facing  the  bar  while 
reading  the  microscopes.  The  fourth  (column  gives  the  microscope 
readings  on  the  left-hand  end  of  the  bar,  the  readings  being  expressed 
in  screw  revolutions  of  01"""  eiichy  so  that  0-01^  =  1'* •    The  fifth  and 
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sixth  columns  give  the  corresponding  data  for  the  right-hand  end  of 
the  bar.  The  letters  S  and  W  preceding  the  first  two  readings  of  mi- 
croscopes 1  and  2  show  the  order  in  which  the  observations  on  the  bar 
were  made.  Thus  observer  S  read  with  microscope  Ko.  2  on  the  right- 
hand  end  of  the  bar,  while  observer  W  read  with  microscope  No.  1  on 
the  left-hand  end  of  the  bar.  The  observers  then  exchanged  positions, 
8  reading  with  Ko.  1  and  W  with  Ko.  2;  and  this  order  of  reading  was 
followed  throughout  the  work.  The  seventh  column  gives  the  differ- 
ences in  microns  between  the  mean  readings  of  any  microscope  at  the 
two  ends  of  the  bar  in  the  order  left  minus  right  or  {l—r).  Thus  the 
first  value  in  this  column  comes  from  the  readings  of  microscope  Ko.  2, 
namely,  i (21-33' +  21-26')  -^ (21-33' +  21-33')=  - 3**,  neglecting  tenths 
of  microns.  The  last  value  in  this  column  is  derived  in  the  same  man- 
ner from  the  readings  of  microscope  Ko.  1  at  the  beginning  and  end  of 
the  measure.  The  last  column  gives  the  height  of  the  left-hand  end 
of  the  bar  at  starting,  and  the  heights  of  the  right-band  end  in  its 
several  i)ositions,  above  the  horizontal  plane  of  reference  of  the  com- 
parator. This  method  of  determining  grade  corrections  was  used  in 
X)lace  of  reading  the  grade  sector.  The  measurement  in  this  case 
proceeded  from  left  to  right. 

Table  II  gives  the  records  of  the  cut-off  measures  at  starting  and 
stopping.  The  first  column  gives  the  time  of  day.  The  second  column 
designates  the  orientation  of  the  cut-oft'  scale,  the  terms  right  and  left 
being  used  in  the  same  sense  as  explained  above.  The  third  column 
gives  the  number  of  the  graduation  line  of  the  scale  observed  on  with 
the  microscope.  When  the  microscope  is  to  the  right  of  the  zero  of  the 
'Cut-off  scale  the  images  of  the  graduation  numbers  appear  inverted  as 
seen  through  the  microscope.  Hence  the  letters  I  (inverted)  and  E 
(erect)  serve  to  show  the  position  of  the  microscope  with  respect  to  the 
axis  of  the  cut-off  cylinder.  The  fourth  column  gives  the  microscope 
readings  on  the  cut-ott'  scale;  the  fifth  gives  the  height  of  the  scale 
above  the  center  of  the  cut-off  sphere;  and  the  last  two  columns  give 
the  readings  of  the  level,  I  and  r  denoting  the  left  and  right  hand  posi- 
tions respectively  of  the  bubble. 
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Tablk  I. — Spet'imen  of  revord.     Meaanre  of  tOO"^  Comparator  inter \ 
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AT  EAST  (RIGHT-HAND)  END  OF  COMPARATOR. 
[U.  S.  Coast  and  Geodetic  Survey  cut-off  cylinder.] 
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A 
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838 
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50 
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10 

Value  of  I  division  of  level  on  Repsold  cylinder  =  i''^*6 

Value  of  I  division  of  level  on  U.  S.  Coast  and  Geodetic  Survey  cylinder    =6'^'0 

The  computation  of  the  measured  distance  i)roceeds  by  means  of  the 
following  formulas: 

Calling  R  and  L  the  mean  readings  of  any  microscox)e  on  the  right 

and  left  hand  ends  respectively  of  the  bar,  the  correction  due  to  these 

readings  (supposing  them  to  increase  from  right  to  left  as  with  the 

micrometers  used)  is 

2  (L-R).  (1) 

Similarly,  if  i^o  ai^d  X^  are  the  mean  microscope  readings  on  the  cut-off 

scales  at  the  right  and  left  hand  ends,  respectively,  of  the  line,  they  give 

a  correction  equal  to 

-(Le-i^e).  (2) 

Denote  the  reading  on  the  cut-oft'  scale  at  the  right  hand  end  of  the 
line  by  /Sr,  and  that  at  the  left-hand  end  by  Sy.  Then  they  give  a  cor- 
rection of 

8x-8r,  (3) 

where  Si  and  8^  are  plus  or  minus  according  as  the  image  of  the  grad- 
uation-mark number  appears  inverted  or  erect. 

Let  Jr  aiid  Ix  denote  the  inclinations  of  the  cut-off'  cylinders  at  the 
two  ends  of  the  line,  and  H^  and  Hi  the  corresponding  heights  of  the 
cut-off  scales.  Then,  since  the  inclinations  are  always  small,  they  give 
a  correction  of 

H,I,^H,I,;  (4) 

where  the  inclinations  are  expressed  in  arc  and  both  are  supposed  to  be 
toward  the  right  from  the  vertical.  If  li,  I2,  r„  rj  are  the  left  and  right 
hand  readings  of  the  level  bubble  in  any  case,  and  v  is  the  value  of  one 
division  of  the  level  in  seconds  of  arc,  the  corresponding  value  of  I  is 

I=i(l,+h'r,^r,).^l, 

where  /:>"=206264''-8,  or  the  number  of  seconds  in  the  radius.  Using 
the  values  given  in  the  above  table  we  have 

i  if, -,^=1.63-, 

iff-,,  =<)-07'*. 
The  correction  for  grade  or  slope  of  any  bar  length  is  expressed  with 
sufficient  accuracy  by  the  formula— ^-^,  where  JA  is  the  difference  ia 


m^rr 
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height  of  the  two  ends  of  the  bar  and  h  it8  length.  For  Jh  in  millime- 
tres, this  gives  a  correction  of  — 0-1  (Jhf  microns  i>erbar  length,  since 
«=:5™  very  nearly.    The  correction  for  grades  is  then  in  microuH 

— 0-1  2f(  J/*  in  millimetres)^  (5) 

The  correction  tor  alignment  was  computed  by  the  Siime  formula  (5) 
in  the  case  of  the  field  measares.  For  the  measures  on  the  comparator 
here  considered  the  correction  for  alignment  was  made  nil  by  always 
placing  the  bar  in  the  vertical  ])lane  of  the  comparator.  When  grades 
are  observed  by  means  of  a  sector,  as  in  field  work,  it  is  most  convi* 
nienttomakeuseof  a  table  giving  the  correi'tions  in  terms  of  the  grade 
angles. 

Finally,  denoting  the  nnmber  of  bar  lengths  measured  by  X^  the 
length  of  the  bar  by  ^n,  and  the  distance  between  the  terminal  spheres 
by  Dy  we  have 

/>  =  AVA;+(l)+(2)  +  (;J)+(4)+(5). 
Using  the  ilaUh  given  in  the  above  tables  we  have  the  following 
values  of  the  several  corrections: 

mm. 
(1)  =  -  0-149 
(L>)  =  +  0-230 

(3)  =  +39-."iOO 

(4)  =  -  0-039 

(5)  =  -  0-075 


Sum  =  +39-47(> 
Hence,  the  length  of  the  comparator  interval  resulting  from  this  meas- 
ure is 

mm. 
20  Bn  +39-476 
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CHAPTER  II. 

Length  or  Iced  Bar  Bn. 

DIRECT  DETERMINATION  ON  OFFICE  COMPARATOR. 

(1)  Description  of  apparatuH  and  method. — The  most  important  opera- 
tion atteDding  the  use  of  the  iced-bar  apparatus  is  the  determination 
of  the  length  of  the  measuring  bar  in  terms  of  one  of  the  International 
Prototyi)e  Metres.  The  general  plan  which  has  been  followed  in  the 
execjution  of  this  operation  is  that  of  direet  comparison  of  the  bar  and 
Prototype  Metre,  each  being  packed  in  melting  ice.  According  to  this 
plan  the  use  of  thermometers  is  dispensed  with  entirely.  It  suffices 
simply  to  measure  a  distance  of  five  times  the  length  of  the  metre  when 
packed  in  melting  ice,  and  then  transfer  this  distance  to  the  5™  bar 
packed  in  melting  ice. 

The  means  available  for  such  work  at  the  time  the  apparatus  was 
constructed  were  the  office  comparator  and  comparing  room.  The 
latter  is  an  underground  room  situated  between  the  front  of  the  Survey 
building  and  the  adjacent  street.  The  comparator  consists  of  an  iron 
I-beam  about  6*5"»  long,  supported  at  its  ends  on  brick  piers.  Between 
these  piers  micrometer  microscopes  can  be  attached  to  the  beam  at  any 
desired  interval  up  to  6  metres.  For  supporting  the  bars  under  com- 
parison, a  car  moving  at  right  angles  to  the  I-beam  is  provided.  The 
car  rails  rest  on  piers  well  removed  from  those  supporting  the  beam. 

The  comparing  room  is  lighted  by  electric  lights  which  can  be  placed 
in  any  convenient  position  for  illuminating  or  reading  the  microscopes. 

For  the  special  comparisons  in  question  six  micrometer  microscopes 
were  attached  to  the  I-beam  at  intervals  of  1  metre.  The  means  of  attach- 
ment were  cast-iron  brackets  which  could  be  rigidly  clamped  to  the 
beam,  while  the  microscopes  themselves  were  fastened  to  the  shelves 
of  tlie  brackets.  The  brackets  are  adjustable  on  the  beam;  so  that  the 
focal  planes  of  the  microscopes  can  be  brought  into  the  same  horizontal 
plane,  very  nearly,  and  the  axes  of  the  microscopes  made  vertical 
within  narrow  limits.  The  microscopes  in  turn  are  provided  with 
lateral  adjustments  on  the  shelves  of  the  brackets.  Hence  the  optical 
axes  of  the  microscopes  can  be  brought  into  one  vertical  plane,  very 
nearly,  and  the  distances  between  consecutive  axes  can  be  made  closely 
equal  to  1  metre. 

The  microscopes  used  in  all  determinations  of  the  length  of  the  iced 
bar  Xo.  17  are  Nos.  5  and  6  of  the  Survey  and  Nos.  1,  2,  3,  and  4  of  the 
Kepsold  base  apparatus  loaned  to  the  Survey  by  the  Corps  of  Engineers, 
U.  S.  Ai-my.  The  magnifying  power  of  the  two  former  is  60  diameters; 
of  the  four  latter  27  diameters.  The  Survey  microscopes  Kos.  5  and 
0  were  mounted  at  tl^^  ends  of  the  comparator,  while  the  Revi*c\Vl 
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ifiici'OM:o(>«fs  were  i»lai;ed  in  the  iiiteniiediate  iM>sitioiis.  These  latter 
rnirrcjiieopeH  have  each  about  2^*  lateral  motion  by  means  of  a  fine 
Hi^rew,  so  that  their  axes  conld  be  ea8ily  put  in  line  with  the  axes  of 
the  end  microscope  at  any  time.  This  adjustment  was  accomplished 
by  bringing  a  fine  thread  well  stretched  to  focas  under  the  terminal 
microscopes  and  then  moving  the  intermediate  microscope  till  their 
axes  were  coincident  with  the  thread.  The  error  of  this  acUostment 
has  never  exceeded  0*2<^.  The  field  illumination  of  the  microscopes 
was  sec;ured  by  glass  prisms  attached  in  front  of  the  microscope  objec- 
tives. Light  was  thrown  into  the  prism  and  thence  to  the  object 
observed  by  means  of  lenses  in  front  of  the  illuminating  lamps. 

In  making  comparisons  the  5°"  bar  Bn  was  mounted  in  its  Y-trough, 
iced,  and  aligned  in  the  manner  already  described.  The  trough  was 
HupiMirted  on  its  lifting  jacks,  which  rested  on  the  comparator  car.  The 
metre  used  was  Prototype  No.  21.  It  was  mounted  in  a  wooden  box 
whose  interior  depth,  breadth,  and  length  are  H'O**",  12'5*^'",  and  115-0«™, 
respectively.  It  was  Rupi>orted  by  light  brass  suspension  hooks  attached 
to  wooden  crossi)ieces  which  rested  on  the  sides  of  the  box.  The  hooks 
were  placed  at  distances  of  20^°>  from  the  ends  of  the  metre.  In  pack- 
ing the  metre  for  comparisons  it  was  completely  surrounded  to  a  depth 
of  5*="'  to  8*^°*  by  a  mixture  of  ice  pulverized  in  the  ice  crusher  and  by 
the  snow-like  particles  cut  with  a  jack  plane.  These  finer  particles 
could  be  crowded  into  the  grooves  of  the  bar  (which  has  an  X  cross 
HCfition)  so  that  the  ice  would  be  in  actual  contact  with  the  surface  of 
tlie  bar  throughout  its  length.  After  thus  covering  the  metre  com- 
pletely small  holes  were  made  through  the  snow  packing  at  the  ends 
of  the  box  down  to  the  graduated  surfaces,  which  were  the  only  parts 
ot*  the  metre  exposeil  to  the  external  air.  To  remove  condensed  niois- 
ture,  which  is  sometimes  troublesome,  from  these  polished  surfaces,  a 
dry  earners  hair  bnish  was  found  very  effective.  The  ui)per  suriac^e 
of  the  ice  pack  and  the  sides  of  the  box  were  i)rotected  by  a  heavy  felt 
wrapping,  through  which  small  holes  were  cut  over  the  graduation 
marks.  The  box  was  provided  with  3-foot  screws  which  stood  on  plates 
of  glass  resting  on  the  platform  of  the  comparator  car.  These  foot 
screws  served  to  bring  the  ends  of  the  metre  to  focus  under  the  micro- 
scopes, the  requisite  lateral  and  longitudinal  adjustments  being  secured 
by  sliding  the  box  on  its  foot  screws  on  the  smooth  glass. 

To  pack  the  5™  bar  40  to  45  kilogrammes  of  ice  were  used,  and  10  to 
12  kilogrammes  to  pack  the  metre.  The  ice  was  renewed  at  intervals 
of  twenty  to  forty  minutes,  but  the  melting  was  generally  very  slight 
during  such  intervals. 

Assuming  constancy  of  temperature  of  the  bars  under  comparison, 
the  pre<*ision  of  the  method  just  outlined  evidently  depends  on  the 
stiibility  of  the  microscoi>es  used.  The  first  series  of  comparisons,  made 
in  July,  1801,  indicated  marke<l  instability  of  the  microscopes;  and  sev- 
eral series  made  during  February  to  May,  1892,  rendereil  it  certain 
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that  the  office  comparator  described  above  was  quite  inadequate  to  the 
work  in  question.  It  is  to  be  remarked,  however,  that  this  comparator 
was  not  designed  to  meet  the  requirements  of  such  work,  but  rather 
lor  the  intercomparison  of  bars  of  the  same  length.  Its  use  for  the 
earlier  determinations  of  the  length  of  the  iced  bar  was  suggested  by 
considerations  of  economy,  and  it  was  hoped  that  with  careful  manipu- 
lation it  would  answer  the  purpose.  The  most  important  result,  how- 
ever, of  this  earlier  work  was  a  demonstration  of  the  necessity  of  a 
different  sort  of  comparator. 

The  defects  of  the  office  comparator  for  our  purpose  may  be  ascribed 
chiefly  to  the  mode  of  mounting  the  microscopes.  Being  attached  as 
explained  above  by  means  of  brackets  clamped  to  the  I-beam,  their 
i'oi'/dl  planes  fall  at  a  distance  of  about  0*5™  below  the  beam.  Any 
change  of  curvature  or  temperature  of  that  beam  will  therefore  cause 
relative  displacements  of  the  microscopes.  Resting  as  the  beam  does 
witli  the  friction  due  to  its  weight  on  the  piers,  it  is  in  general  in  a 
state  of  longitudinal  stress,  which  is  frequently  relieved  by  vibrations 
communicated  to  the  piers  by  vehicles  passing  in  the  adjacent  street. 
The  temperature  of  the  comparing  room  changes  very  slowly  from  day 
to  day  when  not  occupied  long  by  the  observer,  or  when  lighted  for 
short  intervals.  But  the  comparisons  in  question  required  occupying 
the  room  for  some  hours  per  day,  and  the  heat  from  the  observers  and 
electric  lights  caused  n(]K;able  changes  in  the  temperature  of  the  beam, 
although  it  was  wrapped  with  cotton  batting  and  encased  by  a  wooden 
box.  These  two  sources  of  disturbance  caused  large  irregular  displace- 
ments of  the  microscopes  and  hence  large  ranges  in  the  resulting  values 
for  the  length  of  B^j. 

(2.)  Programme  of  observations. — The  observations  were  made  in  such 
a  manner  as  to  eliminate  the  effects  of  regular  displacements  of  the 
microscopes.  Thus,  calling  the  5*"  bar  ^n,  the  i)rototype  metre  No. 
21  M-iu  iind  JJ  the  distance  between  the  terminal  microscopes  of  the  com- 
])arator,  the  following  scheme  was  adopted  in  the  earliest  determina- 
tions of  July,  1891: 

(1)  A  measure  of  D  with  Jl/ii* 
(a)    (2)  A  measure  of  D  with  Bn. 

(3)  A  measure  of  i>  with  M2\  in  reverse  direction. 

In  the  subsequent  determinations  of  February  and  March,  1892,  the 

above  scheme  was  supplemented  by  additional  measures  with  Bn.    Thus 

the  programme  was: 

(1)  A  measure  of  i>  with  Bn. 

(2)  A  measure  of  i>  with  M21. 

(3)  A  measure  of  D  with  Bn. 
{b)    (4)  A  measure  of  D  with  Bn, 

(5)  A  measure  of  D  with  M2i  in  reverse  direction. 
(G)  A  measure  of  J)  with  B^. 

8.  Ex.  37—23. 
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In  some  instances,  also,  in  these  later  deterininatious  bnt  one  measure 
of  D  wiu)  made  in  the  place  of  (3)  and  (4). 

In  all  determinations  of  length  the  observations  of  the  two  ends  of 
1^17  and  jtfai  were  made  simultaneously  by  two  dilferent  observers. 
Tlie  observers  also  in  every  case  exchanged  positions  immediately 
and  read  on  the  opposite  ends  of  the  bars,  in  order  to  eliminate  personal 
equation,  in  so  far  as  elimination  can  be  accomplished  by  such  inter- 
change. In  measuring  the  distance  between  the  terminal  microscopes 
of  the  comparator  with  3/21  care  was  taken  to  make  the  dependence  on 
the  low-i>ower  intennediate  microscopes  small  by  confining  the  meas- 
ures with  them  to  a  few  microns  in  each  case.  The  small  inequalities 
in  heights  of  the  focal  planes  of  the  microscopes  were  measured  by 
observing  the  inclination  of  a  suitably  delicate  level  tube  attached  to 
3/21  when  the  latter  was  brought  to  focus  under  the  microseoi)e$. 
Repeated  observations  by  this  method  gave  accurate  corrections  for 
such  inequalities. 

(3.)  Computation  0/ length  of  Bi-,, — The  method  of  deriving  the  length 
of  B\i  from  the  observations  will  depend  in  general  on  the  hypothesis  we 
adopt  with  respect  to  the  motions  of  the  micros(5opes.  The  number  of 
hypotheses  available  is  restricted,  also,  by  the  number  of  observations. 
Ignoring  for  the  moment  the  displacement  of  the  intermediate  micro- 
scopes, and  considering  the  second  programme  of  the  preceding  section, 
we  may  supiK)se,  for  exami)le,  first,  that  the  distance  2>  between  the 
zeros  of  the  terminal  microscopes  remains  invariable  from  the  time  of 
(1)  to  the  time  of  (6);  second,  that  1)  varies  uniformly  with  the  time 
from  (1)  to  (6);  third,  that  i>  varies  unitormly  at  a  rate  Zij  say,  from  (1) 
to  (3),  and  uniformly  at  a  rate  2^  from  (4)  to  (6);  fourth,  that  2>  varies 
at  a  rate  z  +  2\ct  from  (1)  to  (6),  z  and  w  being  constants  and  t  the  tiuie 
beginning  with  (1).  All  these  hypotheses  were  tried  in  computing  the 
results  of  the  observations  of  February  and  March,  1892,  made  accord- 
ing to  the  more  elaborate  i)rogramme  given  above.  The  residuals 
brought  out  by  these  processes  were,  however,  far  greater  than  could 
be  attril>uted  to  errors  of  the  obs(»rvati()nal  class,  and  they  showcil 
(•h*arly  that  the  suppositions  were  rarely  in  accord  with  the  facts.  The 
reason  for  this  lack  of  accord  is  that  the  processes  do  not  take  adequate 
account  of  the  irregular  motions  of  the  microscopes,  and  especially  ol 
the  intermediate  microscopes. 

It  does  not  seem  worth  while,  therefore,  to  set  down  all  the  fomuilna 
which  result  from  the  above  suppositions  and  which  were  tried  aa 
stated.  It  may  suffice  to  give  those  dependent  on  the  fourth  supposi- 
tion. We  observe,  first,  that  the  measures  (1)  and  (6)  and  (2)  and  (5) 
were  made  at  equal  intervals,  respectively,  from  the  observations  {^) 
and  (4).  The  latter  two  were  made  so  near  together  that  they  may  be 
considered  simultaneous.  Secondly,  the  intervals  (1)  to  (3)  and  (4)  to 
(6)  were  about  twice  the  intervals  (2)  to  (3)  and  (4)  to  (5).  Now  let  q^ 
be  the  microinetiic  quantity  measured  in  any  of  the  cases  (1)  to  (6),  and 
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let  Tu  be  the  corresponding  correction  to  ^n-  Then,  assauiing  the  mean 
of  the  times  of  (3)  and  (4)  as  the  epoch  for  />,  we  have  from  the  several 
measures— 


(1) 

/>  =  -Bn 

-  2z  +  4ip  +  qt  +  v„ 

{-') 

=53/21 

—      Z    +       W    +    52    +    Ti, 

(•'*) 

=  B„ 

+  'b  ■¥  i'3, 

(4) 

=  B„ 

+   34  +   'K^y 

(5) 

=5iV„ 

+     ~  +     w  +  38  +  I's, 

(6) 

=  B„ 

+  22:  +  4w  +  3«  +  i?6. 

Putting  for  brevity 

y  z=    D    "  M521J 

the  above  relations  give  the  following  observation  equations: 

X  +  y  +  2z  -  4w  —  qi:=Vij 

y  +     ^  -     U7  —  ^»  =  t?2, 

a?  +  Z/  -  «3  =  t?3, 

'  07  +  y  —  2;2r  —  4?(7  —  ^6  =  ^'6. 

Calling  the  weights  of  the  measures  of  D  with  Bn  each  unity,  and  the 
weights  of  the'  measures  with  M21  Pj  each,  the  normal  equations  from 
(1)  give  the  following  values: 

^  =  }  ((/i  +  %  +  3^4  +  qe)  —  i  (q2  +  ^5), 

y  =  *  (Q'l  +    (li)  -'  i  (^1  -  (Z3  -  «4  +  36), 

^  _     2qi  f  pqz  -  i>35  -  2(iej,  (2) 

^^  =  i  (-  «i  +  «3  +  ^4  -  qe)' 

It  will  be  observed  that  the  objective  quantity  je  is  independent  of 
the  weight  p.  This  weight  p,  in  fact,  aflects  only  the  rates  z,  Ziy  Zt  of 
the  second,  third,  and  fourth  assumptions  stated  above.  It  may  be 
remarked  also  that  the  value  of  x  is  the  same  for  the  first  three  assum])- 
tions,  and  differs  from  the  value  given  by  the  fourth  by  the  quantity  t^. 

In  the  case  of  three  measures  only  of  i>,  as  in  the  determinations  of 
July,  1891,  we  are  virtually  restricted  to  three  unknown  quantities, 
and  hence  to  the  assumption  that  D  varies  at  a  constant  rate.  If  iu 
this  case  ^i,  ^3,  q^  denote  the  micrometric  quantities  of  the  three 
values  of  D  we  have — 

a;  =  ^2  -  i  {q\  +  Ss), 

y  =  i  ((?!  +  ^3),  (3) 

Since  the  errors  of  observation  in  all  determinations  of  Bn  on  the 
office  comparator  are  completely  masked  by  the  large  displacements 
of  the  microscopes^  and  since  these  determinations  are  virtually  super- 
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seded  by  mucli  better  ones  made  as  explained  in  section  13,  it  does  not 
seem  worth  while  to  give  anything  but  the  resulting  values  of  ^  firom 
these  earlier  determinations. 

(4)  Length  of  Bn  from  observations  of  July^  1891. — It  being  deemed 
desirable  to  know  the  approximate  length  of  Bn  before  using  it  in  the 
measures  of  Holton  Base,  a  few  determinations  were  made  just  prior 
to  shipping  the  api^aratus  to  Holton,  Ind.,  in  July,  1891.  The 
observations  were  made  by  Assistants  O.  H.  Tittmann  and  B.  S.  Wood- 
ward, and  the  record  was  kept  by  Mr.  John  F.  Hayford.  The  pro- 
gramme (a)  of  section  2  was  followed.  The  computsitions  were  made 
by  Mr.  Hayford  and  checked  by  Mr.  Tittmann.  Table  I  following 
gives  the  resulting  values  of  a?  =  bMt\  —  B\i,  The  first  column  gives 
the  date,  the  second  the  orientation  of  3f2i,  the  third  the  values  of  x  for 
the  different  orientations  of  J5n.  The  value  of  i/21  at  0°  0.  is  given,  on 
p.  83  of  ^^Eapport  sur  la  construction,  les  comparaisons  et  les  autres 
operations  ayant  servi  k  di'^teriuiner  les  equations  des  nouveaux  Pro- 
totypes m6triques,"  as 

M,^  =  1"^  +  2-5'*  at  0°  C- 
Table  I.— Values  ofx  =  oMn  —  Bn  at  0°  (?.• 


Date. 

End  of  A/n 
north. 

Values  of  x. 

A  end  of  B„ 
north. 

H  end  of  Bir 
north. 

_ 

189I. 
July       6 
6 

7 

7 
8 

9 
10 

10 

II 

II 

A 

A 
B 

B 

-f  24OM 
17-8 
26-5 
172 

22*6 

4-I5-8M 
150 

364 

22-6 
27-0 

'The  average  temperature  shown  by  thcriiioiuct4*r8  alongside  of  the  I-beam  during 
these  comparisons  was  21^  C. 

Since  it  appears  higlily  probable,  as  shown  below,  that  the  observed 
length  of -B17  dift'ers  with  differing  aspects  of  its  terminal  graduations, 
we  shall  derive  mean  values  of  a?  in  every  case  for  each  of  the  two  orien- 
tations of  Bn,    Thus  the  mean  values  from  the  above  table  are 

+  21-6'^  ±  2-0**  for  A  end  of  Bn  uortli, 
+  23-4'*  ±  2-r  for  A  end  of  Bn  south. 

» 

The  probable  error  assigned  to  each  result  here  is  derived  in  the  usual 
manner  from  the  ten  observations  of  the  two  derived  quantities.  The 
X)robable  error  of  a  single  value  of  ;r  in  the  system  is  ±  ^•o'* ,  which  is 
a  little  less  than  the  millionth  part  of  the  length  of  Bn* 
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To  get  the  corresponding  lengths  of  7in,  the  above  mean  valueB  must 
be  increased  by  I'O**,  the  correction  for  ineqaalities  in  heights  of  the 
focal  planes  of  the  microscopes  in  this  case,  and  the  above  value  of  M21 
applied.  Thus  we  have  the  following  results  for  length  of  Bn  in  melt- 
ing ice. 

Bi^  =  5™  -  10-1'*  ±  2-(P  for  A  end  of  B„  north, 
B^^  =  5"*  -  11-9'*  ±  2-0*^  for  A  end  of  Bn  south. 

(5)  Tjength  of  Bn  from  observations  of  February  and  March^  1892, — The 
o])servations  in  the  more  extended  seriesofdetenninations  of  February 
and  March,  1892,  were  made  by  John  S.  Siebert  and  K.  S.  Woodward. 
M  r.  Siebert  also  made  the  record,  and  in  order  to  facilitate  his  work  all 
of  the  micrometer  head  readings  (after  the  bisections  had  been  made) 
were  observed  and  called  out  by  Woodward.  Programme  (6)  of  section 
"2  above  was  followed  except  in  a  few  instances  when  but  one  measure 
was  made  with  ^17,  instead  of  (3)  and  (4)  of  the  programme.  Table  JI 
following  gives  the  results  of  these  determinations,  the  arrangement 
being  the  same  as  in  Table  I.  The  computations  of  the  quantity  x  were 
made  by  Siebert,  in  accordance  with  the  simpler  assumptions  explained 
in  section  3,  while  the  corresponding  values  resulting  from  the  fourth 
of  those  assumptions  were  derived  by  Woodward.  The  two  sets  of 
values  were  checked  by  means  of  their  difference  w.  This  quantity 
never  exceeded  2-8**  and  was  generally  less  than  O'S**.  Its  use  does 
not  give  residuals  materially  less  than  the  simpler  hypothesis. 


Table  11.— 

Valu^  of 

X  =  5Mz\  - 

-  Bn  at  Oo  C* 

End  of 

1 
Vaiue  of  X. 

End  of 

Value  of  X. 

Date. 

north. 

Aend  of 

Date. 

A/«i 

A  end  of 

Bxj  north. 

north. 

Bir  south. 

1892. 

1 

1892. 

I- el..        4 

A 

+305/'  ; 

Feb.     i^ 

A 

+  26-4// 

5 

B 

244 

20 

B 

13-9 

5 

li 

233 

23 

A 

270 

6 

A 

33'9 

24 

B 

249 

8 

W 

37*6 

25 

A 

233 

8 

B 

27-2 

25 

A 

29-8 

10 

A 

33*4 

26 

B 

21*9 

10 

A 

254 

26 

B 

350 

II 

B 

22-1 

26 

B 

29-1 

13 

A 

26-5 

27 

A 

3'-3 

13 

A 

24*4     '. 

'              27 

A 

254 

'5 

B 

304    ! 

Mar.       7 

A 

33'^ 

15 

li 

3'-4      1 

7 

A 

29*1 

16 

B 

224      i 

8 

B 

28-6 

16 

B 

186      ! 

8 

B 

28- 1 

16 

J{ 

23-5 

9 

A 

367 

17 

A 

132 

10 

B 

35*4 

17 

A 

25-2 

II 

A 

34-8 

18 

A 

314 

12 

B 

24*0 

18 

A 

30-0 

*  During  the  time  these  determinatioiis  were  made,  the  air  temperature  in  the  com- 
paring room  varied  from  aboat  5*^  C.  ap  to  abont  10^  C.^  with  an  average  of  aUo^^ 
6°C. 
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CoinpiitiDg  the  mean  valueR  from  Table  II  in  the  same  manner  as  the 
means  from  Table  I  were  computed,  we  have, 

.t?  =  +  26-7'*  ±  0-8'*  for  A  end  of  B^  north, 

J?  =  -f  28-3''  ±  0-8'*for  A  end  of  ^n  south. 

The  probable  error  of  a  single  determination  of  x  from  this  series  is 

rt  S-e",  which  indicates  an  appreciable  advantage  of  the  programme 

{h)  over  (a). 

If  we  group  the  results  in  Table  II  with  respect  to  the  orientation  of 
the  metre,  we  find  the  following  mean  values  of  a:: 

,     +  27-4''  ±  IT  for  A  end  of  J»f„  nortL,  ^  end  of  B,-.  north. 

+  26-1"  dL  1-2*  for  A  end  of  Afj,  south. )  . 

+  29-7"  ±  1-r  for  A  end  of  Mt  iiortb, )   .  „,  ,    »  „    ^,  ., 

+  aJ-S"  ±  l-d"  for  ^  end  of  Mn  south! !  ^  ""'^  *^  ^"  '*'"*^^- 

The  values  of  jf  in  Table  11  require  a  correction  of  +0*4'*  for* inequal- 
ities in  heights  of  the  focal  planes  of  the  microscopes.  Applying  this 
coiTCction  and  the  value  of  53/21  at  0°  C.  there  result  for  the  length  of 
Bxi  in  melting  ice — 

Bvi  =  5'"  -^  14r/  Ji  O-S**  for  A  end  of  Br.  north, 
Br,  =  r>"«  -  10-2'*  ±  O-S**  for  A  end  of  B^i  south. 

(6)  Sources  of  error, — It  will  be  observed  that  the  individual  values 
oix  in  Tables  I  and  II  exhibit  wide  ranges;  amounting  to  21"  in  the 
former  and  to  24**  in  the  latter,  or,  at  the  maximum  to  1/200  000  part  of 
the  length  of  Br*  Considering  errors  of  observation  alone,  it  api>ears 
from  the  first  of  equations  (2),  section  3,  that  they  should  give  toa 
single  determination  of  x  in  Table  II  a  probable  error  of  i  J  €  y/  45, 
where  e  is  the  probable  error  of  a  single  microscope  reading.  The 
value  of  e  does  not  exceed  O-.^**,  so  that  the  probable  error  of  a  single 
value  ofx  due  to  errors  of  observation  is  less  than  ±  ()'8'*.  Since  the 
total  i)robable  error  of  a  single  value  of  x  in  Table  II  is,  as  given  abovej 
±  3-(>^,  the  reason  for  directing  attention  to  other  sources  of  error 
than  those  of  observation  is  evident. 

This  view  of  the  inquiry  was  reached  long  before  the  series  of  deter- 
minations condensed  in  Table  II  was  completed.  During  the  progress 
of  this  work,  in  fact,  many  experiments  were  made  with  the  hope  of 
locating  the  larger  sources  of  error  and  devising  means  for  their  elimi- 
nation or  correction.  Thus,  (o),  delicate  levels  were  attached  to  the 
brackets  of  the  terminal  microscopes  of  the  comparator.  They  indi- 
cated that  the  microscopes  were  subject  to  both  sudden  and  progressive 
displacements,  which  were  frequently  large  in  amount.  (6),  The 
question  whether  these  displacements  could  be  due  to  the  varying  posi- 
tions of  the  observers  and  the  microscope  car  was  examined,  with  the 
result  that  no  effects  due  to  the  weight  of  either  were  produced,  (c). 
The  hypothesis  was  entertained  that  Br  might  be  subject  to  longi- 
tudinal stress^  and  hence  to  changes  of  length,  fi*om  friction  on  the  sap- 
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ports  in  its  Y-trough.*  This  hypothesis  was  tested  by  subjecting  the 
trough  to  tension  and  compression  alternately  in  quick  succession,  and 
observing  the  length  of  B^^  in  terms  of  the  distance  between  the  termi- 
nal microscopes  which  were  sufficiently  stable  for  the  brief  interval 
required.  Although  the  Y-trough  was  put  under  much  greater  stress 
than  that  to  which  it  is  erer  subject  in  the  uses  it  is  designed  to  meet, 
no  change  was  discovered  in  the  length  of  Byt.  Finally,  it  may  be  said, 
that  a  careful  study  of  the  variations  in  the  intervals  between  con- 
secutive microscopes,  as  measured  with  M2\^  together  with  the  results 
of  the  exi>eriments  just  outlined,  led  to  the  conclusion  that  the  irregular 
motions  of  the  microscopes  would  suffice  to  account  for  the  wide  range 
amongst  the  derived  results. 

The  important  question  then  arose  whether  the  results  in  Tables  I 
and  II  were  aftected  by  detrimental  constant  errors.  The  application 
of  the  levels  to  the  microscope  brackets,  as  explained  above,  indicated 
that  such  might  be  the  case.  It  became  desirable,  therefore,  to  deter- 
mine the  length  of  B\i  in  some  other  way.  The  method  which  sug- 
gested itself  by  reason  chiefly  of  its  economy,  and  the  results  attained 
in  its  application  are  explained  in  the  following  se^^tions. 

DETERMINATION    OF    LENGTH    OF    B^t    BY    AID    OF   By^    ON    OFFICE 

COMPARATOR. 

(7)  Description  of  method. — The  time  required  to  measure  the  distance 
between  the  terminal  microscopes  of  the  comparator  with  the  metre, 
according  to  the  direct  method,  was  12  to  20  minutes.  It  appeared 
probable,  therefore,  that  the  errors  due  to  motions  of  the  microscopes 
could  be  much  reduced  if  not  eliminated  by  diminishing  the  interval 
during  which  dependence  must  hang  on  their  stability.  To  accomplish 
this  end,  a  steel  bar  of  the  same  dimensions  as  Bn  was  prepared  by  the 
Instrument  Division  of  the  Survey  and  subdivided  into  metre  spaces. 
It  was  cut  down  to  its  mid  depth  at  intervals  of  one  metre  and  platinum 
iridium  plugs  were  inserted  to  receive  the  fiducial  lines.  The  plugs 
were  carefully  polished  and  the  lines  were  successfully  ruled  by  Mr.  E. 
G.  Fischer.  This  bar  is  designated  -Bis.  It  is  marked  by  a  letter  A  at 
one  end  and  by  a  letter  B  at  the  other. 

Tlie  method  followed  in  determining  the  length  of  ^17  by  aid  of  i?i8 
consisted  essentially  in  comparing  each  of  the  sub-spaces  of  B^  with 
the  metre  Mn,  deriving  thus  the  total  length  of  ^le,  and  then  comparing 
Bn  with  B]s. 

Bis  was  mounted  in  the  steel  Y-trough  where  it  could  be  accurately 
aligned  and  where  its  flexure  could  be  measured.  Each  graduation 
plug  having  in  addition  to  a  single  transverse  line  two  longitudinal 
lines  separated  by  an  interval  of  0*2™°,  Bib  could  be  aligned  in  the 
vertical  plane  by  means  of  the  five  microscopes  and  the  lateral  adjust- 
ing screws  of  the  trough.    For  alignment  in  the  horizontal  plane,  the 
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long  stridiug  level  was  iise4.  Its  feet  were  i)laced  directly  over  tin 
gradaation  plugs,  these  being  temporarily  i)roteeted  by  slips  of  suiootl 
paper.  It  was  tbus  possible  to  measure  the  inequalities  in  height  o 
the  plug  surfaces  to  the  nearest  tenth  of  a  millimetre  when  the  bar  wai 
surrounded  by  ice.  The  vertical  adjusting  screws  directly  below  th4 
plugs  were  iirst  brought  to  the  proper  i>ositions.  After  these  wen 
secured,  the  intermediate  vertical  screws  were  brought  up  to  contaci 
with  the  bar  without  disturbing  its  shape  as. shown  by  the  stridinf 
level;  all  these  adjustments  b(*ing  made  after  the  trough  had  a«snmec 
its  shape  due  to  a  full  load  of  ice.  It  is  to  be  remarked,  also,  that  ^i 
remained  in  the  Y-trough  in  the  same  position  throughout  the  com 
parisons.  Its  alignment  aa  shown  by  the  microscopes  did  not  change 
at  its  gradaation  marks  by  so  much  as  0-2"". 

For  comparisons  with  Bis,  Bn  was  mounted  in  a  wooden  box  provide<i 
with  ad^justing  screws  in  all  respects  similar  to  those  of  the  Y-trough. 

The  following  programme  was  adopted  in  this  determination  of  th< 

length  of  ^17: 

(1)  Six  measures  of  the  sub-spaces  and  hence  length  of  Bm  in  terms 

of  M21. 

(2)  Nine  measures  of  Bn  in  t^rnis  of  7^i8. 

(3)  Six  measures  of  ^is  as  in  (1). 

(4)  Nine  measures  of  Bi-  as  in  (2). 

(5)  Six  measures  of  !?«  as  in  (1). 
In  comparing  the  subspaces  of  B]n  with  the  metre  ^^,^  the  following 

programme  was  observed : 

(1)  Microscope  readings  on  subspace  of^is. 

(2)  Microscope  readings  on  Mn. 

(3)  Repetition  of  (1). 

(4)  Repetition  of  (2). 

(5)  Repetiti(m  of  ( 1 ). 
Similarly,  for  the  comparison  of  /?,7  and  Bin  the  plan  followed  was; 

(1)  Microscope  readings  on  B^. 

(2)  Mfcroscope  readings  on  />*,8. 

(3)  Microscope  readings  on  //n. 

i  7^17  and  B^  being  interchanged  alt^Miiatoly. 

j  The  observations  at  the  two  ends  of  the  bars  or  sub-sj)aces  were  made 

simultaneously  by  two  observers  who  always  extlianged  places  and 
repeated  the  readings.  The  observers  were  John  S.  Siebert  and  R.  S, 
Woodward,  Mr.  Siebert  keeping  the  record  as  explained  in  section  5. 

(8)  Computation  of  results. — In  deriving  the  lengths  of  the  sub-space# 
of  Bib  it  is  assumed  that  the  distance  Di,  say,  between  the  zeros  of  anj 
pair  of  microscopes  used  varied  uniformly  with  the  time.     Hence,  if  W€ 
I'  designate  by  gi,  qtj  .  .  .  the  micrometric  quantities  observed  in  accord 

ance  with  the  second  programme  of  section  7;  by  Vi^  n*,  .  . .  the  eorre 
sponding  corrections  to  these  observed  quantities;  by  z^,  the  rate  g\ 
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chanpfe  of  7>,;  by  «i,  the  length  of  a  sub-space;  and  count  time  from  the 
epoch  of  the  middle  observation,  we  shall  have — 

D,  =  /r,  -  2Zi  +  qi  +  r„ 
=  Mi]  —  Zi  +  q^  +  r2, 
=  «i  +  q^  +  r^j 

=  ^f?\  +     ^1  +  ^4  +  ^4, 
=  /f,      -f  2c,  +  ^5  +  Vs. 

If,  >for  brevity,  we  put — 

Xi  =  3f2i  —  «i, 
y,  =  D,    -  Mil, 
the  above  relations  give  the  following  observation  equations: 

ar,  +  y,  +  2Zi  -  r/,  =  r„ 
yi  +    ^i  —  </2  =  ^2, 
a?i  +  yi  -  7.1  =  *'3,  (1) 

Vi-     ^1  -  ^4  =  ^4, 

a^i    +  3^!    -   2;?!    -    f75   =    ^'5. 

Tlie  normal  equations  corresponding  to  these  give— 

yi  =  +  i  (</2  +  ^4),  (2) 

2",  =  yV  (2r/,  +  g,  -  g,  -  2^5). 

It  may  be  observed  that  the  values  of  Xi  and  y,  in  (2)  are  precisely  the 
same  as  those  which  would  result  if  />,  were  assumed  to  remain  invaria- 
ble, or  the  same  as  if  Zi  were  omitted  from  (1).  The  introduction  of  5r, 
serves  simply  to  give  the  change  in  D,  and  diminish  the  residuals  v. 

The  computations  were  made  in  duplicate  according  to  the  above 
formulas  by  Messrs.  Siebert  and  Woodward,  the  residuals  as  well  as 
the  objective  quantity  a?,  being  worked  out  in  every  case. 

In  deriving  the  length  of  Bn  in  terms  of  Bjg,  the  computation  was  in 
all  respects  similar  to  that  just  outlined,  and  it  was  made  by  the  same 
persons. 

(9)  Summary  of  results. — Table  III  following  gives  the  resulting 
values  of  Xj,  a72,  . .  .,  or  x^  for  the  several  sub-spaces  of  B19.  xi  refers  to 
the  first  sub-space  of  B^  counting  from  the  A  end  towards  the  B  end ;  X2 
to  the  next  space  in  the  same  order,  etc.  The  first  column  of  the  table 
gives  the  date  of  the  determination;  the  second  the  orientation  of  the 
metre  Mn ;  the  next  five  give  the  values  of  oJi;  the  eighth  gives  the  sum 
of  the  Xi,  or  the  excess  of  oJif^i  over  the  whole  length  of  Bm]  and  the 
last  column  gives  the  me^n  values  of  2xi  for  the  three  groups  of 
determinations.  It  will  be  remembered  that  the  length  of  any  sub- 
space  s,  is  given  by  the  equation 

Si  =  Jlf21  —  ^i* 


■9^^^ 


362' 


U.  S.  COAST  AND  GKODETIC  SURVEY. 

Table  11L—V(tlueft  of  Xi  aM  2x,  for  Bu  at  0^  0. 


Date 

End  of 
Affi  north. 

«•• 

M 

2ft. 

Moan  values 

of  IXi.        ' 

1S9: 

I. 

/^ 

;« 

1 

Apr. 

25 

A 

4134 

-1-0-2 

-i-128 

-!-3*2 

J  29-6 

-159*2 

26 

B 

•  14-0 

;  2*2 

0-10-3 

-}-47 

4-293 

4-60-5 

26 

H 

4-151 

->-3 

4-  9-8 

431 

4-309 

.i-57-6 

27 

A 

4-  9'8 

"31 

-1-  6-2 

-:-57 

4-30-4 

4.55.2 

* 

27 

A 

4-13-3 

.1-2-2 

4-  93 

-146 

4  29-6 

4  590 

M       1 

28 

A 

-fio7 

^47 

-L   89 

•   2*9 

:  303 

•  575 

+58-2 

Mav 

2 

R 

-1-11-6 

•    1-2 

-1-    2-6 

1  0-0 

-h32*3 

-  47-7 

2 

H 

f  15  2 

-  2-3 

4-  8-1 

4-1-4 

-4-30-8 

-f  57-8 

3 

A 

■-i4*o 

4-2-5 

-^  5-5 

4-3-2 

+25-0 

•  502 

3 

A 

-  11-6 

43 

-L    5.2 

f4'4 

-I-29-8 

^553 

4 

1( 

•  132 

M'3 

•    3-5 

4  S'O 

4-31-8 

-;54-8 

1 

1                                                                                  1 

4 

1        IJ 

-!  '4*9 

.-3-^ 

0-  5-6 

-1-4-6 

•-29-3 

-1  580 

+54-0 

7 

A 

•  146 

L  1-2 

^-  3-8 

— ro 

-t  300 

4.48-6 

** 

A 

--I2-2 

-o-i 

•-   47 

-2-8 

4-3«"-3 

4-49-9 

9 

B 

-]-I2'2 

-hi-5 

.    -1-  70 

—  0-2 

4314 

f5i-9 

Q 

B 

•I  12-4 

-6-5 

4109 

A  24 

^33-8 

4-530 

1 

10 

A 

-    129 

—66 

4-1 1  9 

-;  r-i 

•  34-8 

4-54-1 

1 

10 

B 

.    -M2-9 

-    5-5 

4-  9-5 

4-0-8 

4-27-9 

-f45-6 

1         +^"^5 

Table  IV  giveH  the  results  of  the  comparisons  of  Bit  and  B19.  The 
first  ('olumn  gives  the  date  of  the  coinparisoii,  the  second  the  orientn- 
tiou  of  ^17,  the  third  the  individual  value  of  B^  —  /As  from  a  set  of 
observations,  the  fourth  the  meau  value  of  tlie  sot,  and  the  fifth  the 
group  mean. 

Kach  result  in  the  third  column  is  derived  from  three  readings  on 
^17  and  three  on  Bi^j  the  order  of  readings  being  Z/n,  7?i8,  K17,  and  -8,8, 
-Bn,  Bisj  with  an  interchange  of  the  l>ar8  from  set  to  set.  The  orienta- 
tion of  -818,  as  explained  above,  remained  unchanged  throughout  the 
work.  During  the  intervals  bet  ween  sets  of  observations  the  bars  were 
re-iced  and  the  curvature  of  Bn  observed  with  the  long  stiiding  level. 

Table  IV.— Values  o/7?,7—  7?,r  at  (F  C. 


\ 


Dati'. 

Find  of 
/» It  north . 

^IT — ^W- 

Mean  of  set. 

fir«)up 
mean. 

1892. 

M 

Apr.      29 

A 

4-29-4 
28-0 

^0-2 

4-29"2 

30 

'        A 

28-4 
298 
302 

4-29-5 

30 

A 

300 

// 

• 

325 

-I-32-I 

4  303 

May       5 

B 

-l  26-0 

28-6 
265 

-f270 

5 

B 

326 

33-5 
31-3 

325 

5 

B 

30-8 
324 

27.4 

30-2 

4-29-9 
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(10)  Sources  of  error. — The  principal  sources  of  error  to  whicli  the 
results  in  Tables  III  and  IV  are  subject  are:  (a)  those  of  observation, 
(b)  those  due  to  instability  of  the  microscopes,  and  (c)  those  due  to  flex- 
ure of  ^18.  The  results  involve  the  aggregate  effect  of  these  three 
sources,  but  it  is  practicable  to  estimate  their  separate  effects.  This 
we  now  proceed  to  do. 

The  quantities  q  in  equations  (1)  and  (2)  of  section  8  are  of  the  form 

where  j^q,  R'^y  and  jB.,  R\  denote  the  microscope  readings  at  the  north 
and  south  ends  respectively  of  M21  or  of  a  sub-space  of  jBis,  as  the  case 
may  be.  Hence  if  f  is  the  probable  error  of  a  single  microscope  read- 
ing, the  probable  error  of  q  due  to  this  source  alone  is  also  e;  and  it 
follows  from  the  first  of  equations  (2),  section  8,  that  the  probable  etror 

of  a  single  determination  of  iri  is  ±  e  yf-^.    The  value  of  f ,  as  shown  by 

direct  observation,  is  less  than  O-S**.  Hence  the  probable  eiTor  of  a 
single  value  of  Xi  due  to  errors  of  observation  alone  is  less  than  O'S**. 

The  assumption  adopted  in  computing  the  values  of  the  sub-spaces  on 
Bis  is  that  the  interval  between  the  zeros  of  the  pair  of  microscopes 
used  in  determining  any  space  changed  uniformly  with  the  time 
re<iuired  to  make  the  observations.  If  this  is  not  a  true  assumption, 
or  if  the  microscopes  were  subject  to  large  irregular  displacements, 
we  should  expect  to  find  the  probable  errors  of  the  quantities  q  and  Xi 
derived  from  the  residuals  v  of  equations  (1),  section  8,  larger  than 
those  given  under  (a)  above.     Such  is,  in  fact,  the  case. 

It  is  essential  to  observe  here  that  errors  due  to  flexure  of  -Bib,  or 
changes  in  length  of  the  sub- spaces,  if  they  were  at  all  formidable,  did 
not  appear  in  the  residuals  v  of  the  equations  used.  Such  changes  can 
only  occur  slowly,  from  day  to  day,  or  during  longer  periods,  since  they 
are  primarily  due  to  the  change  in  shape  of  the  Y-trough,  which  is 
affected  only  by  marked  changes  of  the  surrounding  air  temperature. 
The  time  required  to  make  a  set  of  observations  in  a  comparison  of  Mti 
with  a  sub-space  was  only  6  to  8  minutes.  It  appears  pnictically  cer- 
tain, therefore,  that  the  residuals  brought  out  in  the  computation 
involve  only  the  two  sources  (a)  and  (b). 

In  the  90  determinations  of  the  5  sub-spaces  there  were  450  residuals 
and  270  unknowns,  as  shown  by  the  formulas  (1)  and  (2)  used  in  the 
computation.  The  sum  of  the  squares  of  these  residuals  is  351*4,  the 
unit  being  a  micron.  Hence  if  £1  denote  the  probable  error  of  a  single 
observed  value  of  g, 


whence 


probable  error  of  one  value  of  a?j  =  ^1  -J  g  =  --t  1*2'*, 

/25 

probable  error  of  2x^  ==  e^  ^  -^  =.  ^^-1^  • 


.  —  .iV*  »  :  iT 
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Comparing  tliese  errors  with  those  due  to  observation  alono,it  appears 
that  the  probable  error  of  a  value  of  q  due  to  instability  of  microscopes  is 

and  that  the  corresponding  value  for  x^  is  only  slightly  less. 

An  examination  of  the  individual  residuals  of  the  diiferent  sets  of 
observations  indicates  that  the  assumption  of  a  constant  rate  of  change 
of  a  nucroscope  interval  was  frequently  not  realized.  In  tlie  entire 
number  of  residuals  there  were  twenty  whose  values  rose  to  or  exceeded 

2**,  while  six  exceeded  3**,  the  maximum  being  3-7  **.  These  large  resid- 
uals, it  is  believed,  are  due  to  sudden  displacements  of  the  microscopes. 
No  other  hypothesis  apx)ear8  com])etent  to  explain  them,  unless  it  be 
that  of  sudden  changes  in  temperatur.e  of  the  bars  under  comparison. 

The  above  probable  error  of  2x^^  or  the  probable  error  of  one  deter- 
mination of  the  length  of  J?i8  is  ±2*7'*.  The  corresponding  value  for  a 
single  determination  of  Br,  by  the  direct  process,  as  given  in  section  6, 

is  ±  3*6 **.  Hence  it  would  appear  that  the  process  of  getting  the  entire 
length  of  ^j8  was  subject  to  considerably  less  error  than  the  direct 
determination  of  B^i, 

The  group  means  in  the  last  column  of  Table  III  indicate  a  progress- 
ive change  in  the  length  of  -Big  during  the  series  of  comparisons,  which 
extended  from  April  26  to  May  10, 1892.  The  cause  of  this  change,  if 
real,  is  important,  and  much  study  was  given  to  it. 

It  may  be  observed,  before  considering  any  other  cause,  that  the  two 
sources  of  error  already  examined  are  not  altogether  incompetent  to 
account  for  the  range  which  these  group  means  show.    That  range  is 

about  8**.    The  probable  error  of  one  group  mean  is,  if  we  adopt  the 

5 
probable  error  of  ^x^  given  above  as  a  basis,  -  ^i  =  i-  I'O**.    Thus  a 

range  of  8**  would  be  accounted  for  by  errors  of  opposite  signs  no 
greater  than  four  times  this  probable  error,  but  the  probability  of  such 
an  ex])lanation  is  too  small  to  be  satisfactory.  Hence  we  proceed  to 
examine  the  question  of  the  effect  of  flexure  of  Bx^  on  its  observed 
length. 

Since  the  surfaces  of  the  intermediate  graduation  plugs  of  Bx^  are 
not  in  the  neutral  surface  of  the  bar,  any  change  in  its  curvature  will 
tend  to  displace  the  fiducial  lines  on  those  intermediate  plugs.  This 
source  of  difficulty  was  anticipated,  and  the  meiisures  of  the  flexure 
with  the  long  striding  level,  as  already  explained,  were  made  for  the 
purpose  of  supplying  any  needed  coiTcotion.  It  is  obvious  that  no 
considerable  variation  in  the  whole  measured  lenorth  of  B^^  could  occur 
except  through  large  changes  in  its  (rurvatuic — such,  for  example, 
as  a  change  from  marked  concavity  upwards  to  marked  convexity 
upwards*    Ko  such  change  occuiTcd^  however,  the  bar  remaining,  as  will 
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presently  appear,  coacave  upwards  throughout  the  work.  Again, 
since  there  could  be  no  displacement  of  the  terminal  lines  of  ^is  from 
this  cause,  the  sum  of  the  sub-spaces,  as  measured  at  any  time,  should 
be  sensibly  free  from  the  effects  of  displacements  of  the  intermediate 
lines,  unless  the  bar  was  subject  to  marked  changes  of  curvature  dur- 
ing the  3!D  or  40  minutics  required  to  compare  the  sub-spaces  with  J/21. 
There  is  no  indication  that  J^ih  underwent  any  changes  of  curvature  ' 
other  than  those  due  to  the  slowly  fluctuating  temperatures  of  the  air 
in  the  comparing  room,  which  were  sufficient,  it  would  appear,  to  affect 
the  web  of  the  Y-trough  and  hence  B^  by  small  amounts.  Moreover, 
the  observer!  variations  inlength  of  the  sub-spaiees,  if  due  to  displace- 
ments of  the  intermediate  graduation  lines  arising  from  slow  changes 
in  curvature  of  Bi^,  ought  to  appear  as  a  linear  function  of  the  observed 
(changes  of  curvature. 

Such,  in  brief,  were  the  considerations  which  led  to  the  use  of  Bis  for 
the  purpose  in  question,  notwithstanding  the  obvious  objection  to  its 
form,  if  invariability  in  length  of  the  sub-spaces  is  required.  Let  us 
now  examine  the  facts  brought  out  by  the  observations. 

From  an  inspection  of  the  results  in  Table  III  it  is  seen  that  the 
variations  of  the  quantities  x^  are  greatest  for  the  intermediate  sub- 
spaces.  Taking  mean  values  of  Xi  for  the  three  groups  of  observations, 
we  have 


Date. 


1892. 
Apr.   25-28 
Mav      2-  4 
7-10 


.r,. 


j-f 


127 
12-6 


I 


1-8 

i-2'5 

-27 


-»»• 


A* 

T-9'6 

;  5' 
f  80 


-I -4-0 
-T-ro 


-»•• 


300 

:   298 
4-31-4 


Thus  it  appears  that  while  the  observed  values  of  the  ternunal  sub- 
spaces  are  very  accordant  in  these  means,  the  (jorresponding  values  of 
the  intermediate  sub-spaces  are  very  discordant.  The  most  striking 
cases  are  those  of  x-i  and  x^,  which  varied  by  5*2^  and  i'd** ,  respectively, 
in  their  mean  values;  and  one  might  be  led  to  the  inference  that  the 
intermediate  sub-spaces  were  subject  to  marked  changes  in  length.  In 
line  with  this  inference  it  is  insU'uctive  to  comx)are  the  above  mean 
N'ahies  with  the  ranges  among  the  corresponding  individual  values  of 
Xi  for  the  several  groups.    These  ranges  are  for — 


Dale. 

^1. 

jr,. 

I.S92. 

ft 

Ai)r.    25-28 

53 

6-0 

May     2-  4 

36 

31 

7-10 

2-4 

7-8 

1 

■»• 

•»». 

fi 

6-6 

2-8 

u 
1-6 

55 

81 

50 

7-3 
6*9 
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From  those  it  wonld  not  seem  safe  to  infer  that  the  terminal  sub-spaces 
were  sabject  to  less  error  in  their  determination  than  the  other  spaces, 
although  the  mean  values  of  those  terminal  sub-spaces  are  by  far  the 
most  accordant.  Moreover,  an  examination  of  the  above  group  means 
of  Xi  does  not  indicate  such  disphiccments  of  the  intermediate  gradua- 
tion marks  as  would  result  from  slow  changes  in  curvature  of  ^ig;  for, 
since  the  length  of  any  sub-space  Si  is 

«i  =  Jf3i  — a?i, 

it  would  appear  from  those  means  that,  while  «i  and  8^  remaiued  invari- 
able, ^2  d'Ud  «4  both  increased,  the  one  by  4*5'*  and  the  other  by 
3*0 **,  and  that  the  middle  space  «3  increastul  by  4-5'*  from  the  first  to  the 
second  group  and  decreased  by  2*9'*  from  the  second  to  the  third 
group.  It  seems  very  improbable  that  the  intermediate  graduations 
could  have  been  so  displaced  as  to  leave  Si  and  s^  invariable  and  at  the 
same  time  cause  the  sx>ecified  changes  in  h2,  h^,  s^. 

The  observed  changes  in  curvature  of  Bi^  are  given  in  Table  V 
below.  These  were  measured  with  the  long  striding  level  which 
reached  from  any  plug  to  the  adjacent  plug  cm  either  side.  The  value 
of  one  division  of  the  bubble  used  on  this  level  was  15".  The  level  was 
always  reversed  in  observing  the  relative  heights  of  adjacent  plugs; 
and  as  the  time  required  to  make  such  a  measure  was  less  than  two 
minutes,  the  observed  quantities  are  subject  to  no  important  errors. 
The  quantities  given  in  the  tiible  are  the  onlinates  of  the  intermediate 
graduation  plugs  measured  at  right  angles  to  the  straight  line  joining 
the  terminal  plugs  of  -Bis.  They  are  designated  by  y,,  the  suffix  cor- 
resi)onding  to  the  number  of  the  plug  counting  from  the  A  end  toward 
the  B  end.  The  minus  sign  indicates  that  the  ping  is  below  the  line 
of  reference.* 

*  If  ft],  As  ...  ^6  deuote  the  difterences  in  height  of  the  i)ln|rH  for  the  snecessive 
spaces,  and  «  the  slope  per  metro  of  the  line  joiuiug  the  t^ruiiual  plugs,  the  quanti- 
ties pi  are  given  by  the  following  equations : 

ya  =  Ai  -f  ^  —  2«, 

y3  =  *i  +  /«-j  +  /«j  — 3#, 

ifA^h  +  *i  +  lis  +  ^4      4«, 

0  ^  *,  -f  /i,  -I-  A3  -I-  A,  -I-  /,,      5/,. 

The  quantities  hi,  h^i,  A3,  hi,  A«  arc  observed  directly  with  the  striding  leve). 
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Table  V. — Observed  ordinates  of  curvature  of  B^, 


Date. 

yt- 

.y». 

TA' 

^i- 

2^. 

1892. 

fttVt. 

mm. 

mm. 

M0I. 

mm. 

Apr.     25 

—0*25 

— 023 

— 014 

— 037 

— 099 

26 

•12 

•09 

•00 

•18 

•38 

27 

•05 

•17 

•03 

•24« 

•50 

27 

■15 

•24 

•12 

ZZ 

•85 

28 

•12 

•12 

•00 

•27 

SI 

29 

•24 

•19 

—•04 

•29 

•76 

30 

•13 

•04 

-{-•12 

•07 

•12 

May       2 

•27 

•28 

,—•02 

•45 

I'02 

3 

•18 

•24 

•06 

•42 

091 

4 

•30 

•42 

•27 

•40 

1-38 

5 

•45 

•50 

•35 

•31 

i-6i 

7 

•25 

•35 

•26 

•39 

1*25 

9 

•22 

•35 

•25 

•27 

1*09 

10 

•46 

•54 

•37 

•3Z 

1-74 

10 

•48 

•50 

•37 

•35 

1-69 

The  results  in  this  table  show  that  the  bar  was  concave  upwards 
throughout  the  work.  The  mean  values  corresponding  to  the  thi:ee 
groups  of  comparisons  of  the  sub-spaces  are 


yt- 

>'»- 

^4. 

yt- 

mm. 

mm. 

mm. 

mm. 

Apr.   25-30 

—01 4 

— 017 

—006 

—0-28 

May     2-  4 

•25 

•31 

•12 

•42 

May      7-10 

•35 

•43 

•31 

•34 

These,  with  the  exception  of  2/5?  show  an  increase  by  small  amounts 
of  the  concavity  with  the  time.  This  is  precisely  what  we  should  expect 
from  the  slow  seasonal  rise  of  the  air  temperature  in  the  comparing 
room.  They  do  not  appear  to  bciir  any  relation,  however,  to  the 
o])served  changes  in  the  values  of  the  sub-spaces. 

What,  then,  could  have  been  the  cause  of  the  large  variations  in  the 
values  of  the  group  means  of  the  intermediate  sub-spaces  t  I  am  unable 
to  answer  this  question  excjept  with  the  suggestion  that  the  shiftiiig 
of  the  i<ed  bar  and  metre  from  one  position  to  another  under  the  beam 
to  which  the  inicros<5opes  were  attached  prodiiced  at  times  systematic 
changes  iu  the  intervals  between  those  microscopes.  If  such  changes 
(M'curroil,  one  would  expect  them  to  be  greater  for  the  intermediate 
microscopes  tliau  for  the  terminal  ones,  for  neither  the  Y-trough  nor  the 
box  in  which  the  metre  was  iced  projected  beyond  the  terminal  micnj- 
scox)es,  and  currents  of  air  due  to  tbe  nearness  or  remoteness  of  the  ice 
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loads  would  obviously  be  most  eflcctive  in  disturbing  the  intermediate 
microscopes. 

Finally,  recurring  to  the  comi)arisons  of  Bn  and  Bibj  the  results  of 
which  are  exhibited  in  Table  lY,  no  indication  is  seen  of  a  change  in 
the  entire  length  of  Bib.  In  fact,  the  results  in  Table  IV  do  iiot  show 
any  striking  anomalies.  The  range  amongst  the  means  of  the  different 
sets  of  comparisons  is  but  S'o'* ,  and  the  group  means  agree  (iuite  as 
well  as  one  could  expect. 

(11)  Adopted  length  of  B^  derived  by  aid  ofBi^. — In  the  absence  of  a 
satisfactory  explanation  of  the  variation  of  the  observed  values  of  Bi$ 
in  terms  of  ifsi,  we  can  do  no  better  than  to  take  the  mean  of  the  three 
group  means  in  the  last  column  of  Table  III  for  the  relation  of  these 
two  bars.    This  relation  is 

the  probable  error  being  derived  from  the  discrepancies  between  the 
three  individual  values  and  their  mean.  To  this  value  there  is  to  be 
added  a  correction  of  — (M**,  which  is  the  averaj^e  amount  by  which 
the  distance  between  the  terminal  marks  of  B^  fell  short  of  the  sum  of 
the  sub-spaces.  It  is  found  by  projecting  the  sub-spaces  on  the  line 
joining  the  terminal  marks,  the  data  for  such  projection  being  given  in 
Table  V.  Applying  this  correction  and  introducing  the  value  of  Mn 
at  0°  C,  namely, 

ii/,i  =  r  +  i>-5% 

there  results 


k 


^j8  =  3'"  -41-8'*±  l-ii'*  at  0°  C. 

In  deriving  values  for  the  relation  of  Bn  to  Byn  we  may  take  the  means 
of  the  observed  values  for  the  two  orientations  of  B^  and  compute  the 
probable  errors  of  these  means  from  all  the  discrepancies  between  them 
and  the  individual  measures  on  which  tln»y  depend.  Thus  we  have 
from  Table  IV 

£i7  =  -^i8  +  «HKr  ±  (H)*',  A  end  of  n^  north. 
^17  =  ^18  + -l>-^>   ^.  <>-J>  ,  A  end  of  Br.  south. 

Introducing  in  these  last  equations  the  value  of  Biny  given  above, 
there  result  for  the  length  of  i^n  in  melting  ice 

i^„  =  r>"'-  ll-.r  i  1-8^,  A  end  of  />'„  north, 
i/i-  =  5   -ll-D   ±  1-8  ,  A  end  of  /;„  s(»uth. 

(12)  Values  of  ttubspacetf  of  Bi^. — Since  the  snbspaces  of  Big  afford 
multiples  of  one  metre  up  to  five  metres,  it  may  not  be  out  of  place  to  give 
the  values  of  the  several  sub-spaces  resulting  from  these  comparisons. 
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Titkiiijr  means  of  ihe  three  group  means  given  in  section  10  for  eiich 
value  of  a?!,  we  find 

^,=-+ 12-9'*  ±0-7'*, 

xz  =  -f-    0-5    ±  0-7  , 

^•3  =  +    7-6    ±  0-7  , 

;r4  =  +    2-7    ±  0-7  , 

x,=z+  30-4    ±  0-7  . 

The  probable  errors  assigned  to  these  values  are  derived  from  the 
residuals  resulting  from  a  comparison  of  ea<rh  adopted  mean  with  its 
three  group  means.  Tims  the  sum  of  the  squares  of  all  the  residuals 
is  33'0.  The  number  of  residuals  is  15,  and  the  number  of  unknowns  is 
5.  Hence  the  probable  error  of  one  group  mean  is  it  1'2'',  and  the 
probable  error  of  each  adopted  value  of  Xj  is  i  1'2'*/  \/3  =  ±  O*?**. 

Since  any  .sub-space  Si  is  expressed  by  the  relation 

/fi  =  M21  —  Xj, 
wherein 

ii/2,  =  r  +  2-5% 

there  results  lor  the  sub-spaces  on  Ji^  when  it  is  packed  in  melting  ice 

/<i  =  l»'-10-4'*-_L0'7'', 
82  =  1  -f  2-0  rfc  0-7  , 
^,  =  1  -  5-1  ±  0-7  , 
8,  =  !  -  0-2  i  0-7  , 
«,  =  1     -  27-9    zt  0-7  . 

These  spaces,  it  may  be  again  remarked,  are  the  successive  spaces  on 
/^i«,  counting  from  its  A  end  toward  its  B  end.  It  must  be  observed, 
also,  that  those  values  appertain  to  JBis  when  supported  and  aligned  iu 
the  Y-trough,  as  already  explained  at  length. 

DETERMINATION  OF  iin  ON  NEW  COMPARATOR. 

(13)  IkHvription  of  ap2)aratu8. — On  completing  the  determinations  of 
B]-;  by  aid  of  the  office  comparator,  and  studying  the  results  after  the 
manner  detailed  in  the  preceding  sections,  it  became  evident  that  any 
value  which  might  be  adoi)ted  for  Bn  wouhl  not  have  a  precision  com- 
l)arable  with  that  attained  in  the  use  of  the  iced  bar  apparatus  on  the 
100"'  c()mparat<^r  and  standard  kilometre  of  Holtou  Base.  It  was  plain, 
also,  tliat  the  prineii)al  source  of  the  difficulty  which  thus  presented 
itself  lay  in  the  instability  of  the  microscopes  of  the  office  comparator. 
The  question  which  logically  followed,  and  which  it  appeared  essential 
to  answer,  was  whether  this  instability  gave  rise  to  any  systematic 
error  in  the  length  of  /^i-.  The  long  series  of  direct  determinations  of 
February  to  March,  18!)2,  did  not  seem  to  justify  an  atlirmative  answer 
to  this  question;  but  the  indirect  determinations  by  aid  of  Bn  did  not 

S.  Ex.  37—24 


370  r.  s-  COAST  A2n>  geodetic  scbtet. 

warrant  a  iiegatiTe  answer.  There  apfpeared  to  be  no  way  oat  of  this 
dilemma  except  to  build  a  eomparat'^r  designed  e«i>ecially  for  the  pur- 
poffe  of  getting  the  length  f»f  B-.  Af-cunlingly  plMis  for  a  new  com- 
]fSiT»UpT  were  drawn  up  and  apprrived  by  the  Superintendent  of  the 
8ar\'ey.  and  the  work  of  constnu-tidu  was  erimp1ere«l  during  June  and 
early  July,  1802.  It  was*  designed  with  a  view  tn  direct  determinations 
by  meuisuring  a  di^^tance  of  5""  with  a  Prntotyike  in  ice  and  then  trans- 
ferring thi»  distance  to  B-  in  the  manner  already  df  scriY>e<l. 

Thirt  comparator  was  constructe«l  in  a  vacant  lot  adjacent  to  the 
Survey  Office.  Briefly  described,  it  consists  of  six  briek  piers  resting  on 
a  continuous  foundation  of  6  cubic  metres  of  well-rammed  concrete. 
The  foundation  is  1"  by  1"  in  cn>ss  sei-tion  and  rises  to  the  level  of  the 
ground  surface.  Tlie'  foundation  and  piers  an'  Ixith  set  in  Portland 
cement  and  their  cr>mbined  weight  is  about  12  tons  (11000  kilo- 
grammesj.  Tlie  exi>osed  parts  of  the  foundation  and  the  ground  near 
about  are  covered  to  a  depth  of  a  decimetre  with  sawdust.  The  termi- 
nal piers  were  arranged  to  receive  the  Survey  microscopes  5  and  0, 
already  dewrrilx'd  in  section  1.  Connection  between  tliese  microscopes 
and  the  piers  was  secured  by  means  of  heavy  cast-iron  plates,  held  fast 
by  long  Ixjits  built  into  the  piers,  insuring  thus  ample  rigiditj*.  The 
intermediate  piers  had  built  into  tliom  lieavy  stone  posts,  on  which  the 
post  <;aps  of  the  Kepsr)ld  microscopes  could  be  mounted  as  when  used 
in  fleldwork.  These  connections  were  also  very  rigid:  and  the  great  • 
weight  of  the  piers  and  foundation,  which  were  virtually  one  m<iss, 
gave  a  verj-  satisfactory  degree  of  stability.  The  piers  were  ranged 
in  an  east  and  west  line,  nearly.  To  protect  them  from  the  sun  and 
storms  a  shed  8'6"'  long  by  3'"  wide  was  built  over  them.  The  north 
side  of  the  shed  was  left  open  until  after  the  comparisons  of  July  and 
August,  1802.  were  completed,  a  temi)orary  cover  of  canvass  being 
a]>plie<l  at  night-time,  or  when  the  comparator  was  not  in  use.  It  was 
thus  iH>ssible  to  use  daylight  for  illuminating  the  microscopes,  and  a 
free  circulation  of  air  was  permitted  within  the  shed.  To  protect  the 
microscop<»s  from  currents  of  air  and  from  tlie  ice  i>ack8  of  the  bai*s, 
their  tubes  an<l  their  metallic  connections  with  the  piers  were  heavily 
wrappc<l  with  cotton  batting. 

The  axes  of  the  microscopes  were  made  vertical  by  means  of  levels 
attached  to  their  tubes.  Their  axes  were  put  into  one  vertical  plane 
and  their  foc-al  planes  made  nearly  coincident  by  bringing  them  all  to 
focus  and  bisection  on  a  fine  thread  stretched  under  them.  The  remain- 
ing small  diflerenc(»,s  in  elevation  of  the  focal  planes  were  measured 
from  time  to  time  by  observing  the  readings  of  a  level  (having  12'5"  per 
division)  attached  to  Prototy[)e  >Jo.  21  when  it  was  brought  to  focus 
under  the  mi(^roscoi)es. 

The  metre  and  5'"  bars  were  moved  under  the  microsco])es  on  portable 
tnu;ks  supported  on  posts  isolated  from  the  piers.    The  track  for  the 

tre  was  a  still"  truss  of  cypress  wood.    One  rail  of  this  truss  had  a 
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cross  sectiou  shaped  like  a  truncated  A,  while  the  other  was  flat.  The 
car  carrying  the  metre  box  was  made  to  slide  on  these  rails.  By  means 
of  suitable  lateral  and  longitudinal  stops  this  truss  could  be  held  in 
such  a  position  that  only  small  lateral  motions  of  the  metre  box  on  its 
car  were  reciuired.  These  small  lateral  motions  and  small  longitudinal 
motions  as  well,  of  the  box  on  the  car,  were  accomplished  by  means  of 
a  system  of  slow-motion  screws.  The  metre  box  was  also  provided 
with  three  leveling  screws.  These  provisions  made  it  possible  to  bring 
the  metre  to  focus,  and  to  position  within  a  few  microns,  with  ease  and 
rapidity. 

The  5°^  bar  was  mounted  in  its  Y-trough  and  moved  on  the  same  cars 
and  track  used  with  it  in  the  fieldwork.  It  was  handled,  in  fact,  in 
the  determinations  about  to  be  given,  in  precisely  the  same  manner  as 
in  measuring  a  line  in  the  field. 

Both  bars  were  moved  under  the  microscopes  along  the  south  side 
of  the  piers.  When  the  metre  was  not  under  observation  it  was 
removed,  together  with  its  car  and  track,  to  suitable  brackets  on  the 
south  side  of  the  comparator  shed.  When  Bn  was  not  under  observa- 
tion it  was  run  out  of  the  east  door  of  the  shed  on  the  portable  track 
and  left  under  an  awning  alongside  the  supply  of  ice  and  the  ico- 
crusher. 

The  platforms  on  which  the  observers  stood  were  isolated  from  the 
piers  and  from  the  track  supports,  so  that  the  movements  of  the  observ- 
ers produced  no  disturbance  of  the  piers  or  of  the  bars.  The  piers  were 
about  25"^  from  the  nearest  street.  Only  heavily  loaded  vehicles,  which 
pjussed  quite  infrequently  on  this  street,  produced  any  perceptible 
vibration  in  the  piers.  On  no  occasion  was  it  considered  essential  to 
stop  observing  on  a<5couut  of  such  minute  vibrations. 

The  piers  and  the  adjacent  parts  of  the  shed  on  the  north  side  were 
wiiitewuslied,  and  this  aided  in  producing  an  abundance  of  white  light 
Tor  illuminating  the  microscopes.  In  this  regard  the  conditions  for 
ea^e  and  comfort  in  observing  were  much  sui)erior  to  those  afforded  by 
the  electric  lights  of  the  office  comparing  room. 

(14)  Methods  of  obHcrvation. — The  study  of  the  earlier  dii^ect  determi- 
nations of  July,  1891,  and  Februciry  and  March,  1892,  indicated  the 
desirability  of  increasing  the  number  of  measures  with  the  prototype 
metre  relatively  to  those  with  Bn  in  any  set  of  observations.  Accord- 
in  <xly  the  following  programme  wa«  adopted  and  adhered  to  throughout 
the  determinations  on  the  new  comparator,  the  symbol  D  representing 
as  hith(»rto  the  distance  between  the  zeros  of  the  terminal  microscoi)es 

5  and  6 : 

(1)  A  measure  of  D  with  the  prototype  M^, 

(2)  A  measure  of  D  with  B^. 

(3)  A  measure  of  D  with  Afzi. 

(4)  A  measure  of  D  with  Bn, 

(5)  A  measure  of  D  with  Mix. 
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The  measures  with  the  metre  started  alternately  from  the  west  and 
east  ends  of  the  comparator.  The  micrometric  readings  on  either  bar 
were  made  simultaneously  by  the  two  observers,  who  exchanged  pom- 
tiona  in  every  ca^e  to  eliminate  personal  equation.  Small  distances, 
amounting  to  a  few  microns  only,  were  measured  with  the  intermediate 
Uepsold  microscopes,  whose  magnityiug  i>owers  are  but  twenty-seven 
diameters,  while  the  terminal  microscopes  5  and  6  have  a  power  of 
fifty  diameters. 

The  measures  with  Bn  were  made  in  the  manner  described  at  length 
in  section  10  of  Chapter  I.  That  is,  the  rear  (west)  end  of  the  bar 
was  first  brought  to  bisection  by  means  of  the  car  lever,  while  the 
bisection  at  the  front  end  was  made  by  turning  the  micrometer  screw 
at  that  (east)  end.  The  observers  then  exchanged  positions,  and  the 
same  operation  was  repeated  in  the  reverse  order,  the  bar  being 
brought  to  bisection  by  the  car  lever  at  the  east  end  and  the  microme- 
ter threads  moved  to  bisection  at  the  west  end.  Two  sets  of  such 
observations  were  generally  made. 

Both  bars  were  fiilly  iced  from  half  an  hour  to  an  hour  before  observ- 
ing on  them.  A  slightly  greater  quantity  of  ice  was  used  on  both  bars 
than  in  the  previous  determinations  made  during  the  winter  in  the 
comparing  room,  where  the  air  temperature  averaged  about  6°  C.  The 
average  air  temperature  during  July  and  August,  1892,  when  the  pres- 
ent determinations  were  made,  was  about  35^  C.  However,  when 
protected  by  the  felt  covers  of  the  metre  box  and  Y-trough,  the  ice  did 
not  appear  to  melt  much  faster  than  it  did  under  the  far  lower  winter 
temperature.  Throughout  this  series  of  comparisons  the  ice  about  Bn 
was  shaken  up  and  rei)lenished  just  before  bringing  it  under  the  micro- 
scopes for  observations,  and  the  prototype  was  similarly  treated  at 
intervals  of  twenty  to  thirty  minutes.  From  very  carefnl  personal 
attention  to  the  packing  of  these  bars,  I  am  confident  that  they  were 
subject  to  no  sensible  variations  in  length  due  to  variations  in  tem- 
perature. 

The  observations  Were  made  by  Messrs.  John  S.  Siebert  and  R.  S. 
Woodward,  and  the  record  was  kept  by  Mr.  Orville  (I.  Brown.  The 
computations  were  made  and  checked  in  all  parts  by  the  same  parties 
as  the  work  of  observation  progressed. 

(15)  Method  of  computatwn, — The  considerations  on  which  the  method 
followed  in  deriving  the  length  of  ^n  depends  are  similar  to  those  set 
forth  in  section  3  above.  But  since  the  data  were  in  some  respects 
difterent,  it  seems  proper  to  state  the  present  case  briefly  by  itself. 

If  the  positions  of  the  microscopes  of  the  comi)arator  remained  inva- 
riable, or  if  the  measured  <|uantities  were  all'ected  by  errors  of  observa- 
tion only,  the  distance  I)  betwet^n  the  zeros  of  the  terminal  microscopes 
would  be  given  by  each  of  the  following  ecjuations,  corresponding  to 
the  several  measures  of  the  programme  in  section  14. 
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(1)  D  =  6M2i+Qi  +  Vi. 

(2)  =  Bn  +  Q2+Vi. 

(3)  =5ilf8,  +  (?3+t?3. 

(4)       =  Bn+Q,  +  f),. 

(5)  =5^21+^5+^5. 

In  tliese,  (?i  Q2  • .  •  ai*e  the  micrometric  quantities  resulting  from  the  sev- 
eral measures,  and  Vi  Vi . . .  are  the  corresponding  corrections.  But 
the  hypothesis  of  constancy  of  position  of  the  microscopes,  or  of  invari- 
ability of  D,  is  inadequate.  It  appears,  however,  from  the  observations, 
that  the  assumption  of  a  constant  rate  of  variation  of  D  is  quite  satis- 
factory, and  this  is  the  one  adopted. 

The  time  intervals  between  the  several  measures  (1)  (2) . . .  (5)  are 
nearly  equal,  being  about  7*5  minutes  each  on  the  average.  Hence,  if 
we  call  z  the  rate  of  change  of  D  and  put  as  hitherto 

x  =  5M2i^  Bn, 
y=  B    -o3f2i, 

and  take  the  time  of  the  measure  (3)  as  the  epoch  of  D,  the  following 
observation  equations  result: 

00  +  y—   z—Q-i^Vij 

y  -  (?3  =  vzj  (1) 

y+2z-'Qs=zV5. 

If  we  assign  a  weight  unity  to  each  of  the  measures  with  B^^J  or  to  Q2 
and  Q4,  and  a  weight  p  to  each  of  the  measures  with  M^,  or  to  Qi,  (^3, 
and  (?5,  the  normal  equations  are 

2x+(3p  +  2)y  =  p{Qi+Q3+Q5)  +  Q2+Q4y 

2+2  =  Qz+Qaj  (2) 

(Sp  +  2)z^2p(Q,^Q,)     .    +Q,^Q2. 
These  give 

^=  i  (Q2+  Qi)  -i{Qi+  Qz+  Q5), 

8p  +  2 

Since  the  quantities  Q\^  (>3,  Q^  depend  on  the  half  algebraic  sum  of 
twenty  independent  microscope  readings,  while  Qt  and  Qi  depend  on 
the  half  sum  .of  four  to  eight  such  readings,  the  probable  errors  of  the 
former  would  stand  to  those  of  the  latter  as  y/o  to  1,  or  as  y/6  to  1/2, 
as  the  case  may  be,  provided  the  errors  involved  are  of  the  accidental 
sort.  If  the  errors  are  those  of  observation  only,  the  ratios  just  given 
are  the  proper  ones  for  determining  the  relative  weights.  But  it  is 
certain  that  the  most  formidable  errors  are  not  due  to  defects  of 
observation,  and  hence  some  doubt  may  be  entertained  as  to  the  b^*^^ 
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value  of  the  weight  p.  In  order  to  test  tlie  matter  with  the  actual 
data,  half  of  the  observations  were  treated  on  the  supposition  that 
p  =  l  and  half  on  the  supposition  that  p  ==  1/5.  The  results  indicated 
'that  the  latter  supposition  is  the  moiHi  appropriate  one,  and  it  was 
therefore  adopted  for  all  the  work.  A  mere  ins])ection  of  the  data,  in 
fact,  shows  that  the  weights  of  Qi,  (?;„  ^3,  should  be  much  less  than  the 
weights  of  Qt  and  Q4. 

(16)  Data  and  results. — Table  VI  following  gives  the  principal  data 
of  the  series  of  determinations  of  Bn  on  the  new  comparator.  The 
observations  extended  from  July  18  to  August  10,  1892,  and  the  tabic 
embraces  every  determination  made.  The  first  column  gives  the  date; 
the  second  gives  the  times  of  beginning  and  ending  of  a  set  of  obser- 
vations; the  third  designates  the  orientation  of  the  prototype  metre 
Mil,  The  next  three  columns  give  the  (luantities  ^i,  ^:„  Q^  which 
are  the  observed  excesses  of  the  distance  7>  between  the  zeros  of  the 
terminal  microscopes  over  53/21,  while  the  last  two  columns  give  the 
quantities  Q2,  (?4,  which  are  the  excesses  of  J)  over  ^17.  It  is  to  be 
remarked  that  these  ^s  change  from  time  to  time  by  reason  of  changes 
in  the  adopted  zeros  of  the  microscopes,  as  well  as  by  reason  of  changes 
in  the  relative  positions  ot  the  microscopes  themselves.  Those  zeros 
wiiich  were  most  convenient  in  computing  the  Q^s  were,  in  general, 
adopted,  but  the  same  zeros  were  retained  throughout  any  day^s  work, 
BO  that  the  stability  of  the  terminal  microscopes  is  well  shown  by  Q, 
and  ^4  especially  for  any  date.  For  greater  clearness  of  perception  the 
sets  of  observations  are  spaced  off  with  extra  leads  in  groups  by  date^. 

Table  VI. — Data  for  length  of  Bn  in  ice. 


Date. 


1892. 
July    18 


20 


21 


22 


26 


27 


Time  of  day. 


1:15  to     1:56  p.  m. 
2:14  3:02 


10:51 
1:08 
1-54 

10:52 

11:40 

I:l6 

1:58 

10:37 

ll:2l 

I:i8 

1:52 
2:30 

10:45 

Il:20 

1 2:00 

1:15 


11:29  a.  m. 
1:41  p.  m. 
2:31 

11:27  a.  m. 
12:13  p.  m. 

1:46 

2:26 

11:09  a.  m. 

ii:5> 
2:00  p.  m. 

2:26  p.  m. 
2:59 

11:13  a.  m. 
11:48 

12:26  p.  m. 
1:51 


iRndof 
UK'tre 
west. 


A 
IJ 


B 


B 


0. 


+  6-4 
+  6-4 

—30-9 
—17-4 

—  9*4 


9-8 
0-5 
02 
6-6 


-f  14-3 
4-13-8 
4-25-5 

—  44 
-6-4 

4-19*5 
-fi8-2 

4-22-1 
4-25-9 


Ql 


+    08 

—26-9 

^21-5 

-  75 

—  02 

4-  1-8 

-  >*3 
4-  17 

4  14-2 
4-196 

4-26-2 

— IO-6 

—  7-2 

4-18-2 
-f  19-0 
4  20-3 
4-26-4 


4- 1 2- 1 
—240 

-12-5 

-8-4 


4- 
4- 


30 
09 

6-1 
4-6 


4-12-8 

4-17-5 
4-26-8 

-6-4 

—  4*4 

-1  17-3 
4  1S7 
4-19-4 
4-23-« 


Ui 


4-  3"8      4-19-0 


4-3  > -9 

4-  3-1 
-f  lo-i 

4-  5-1 

4-288 
4-26-8 
4-256 

4-27-7 

4-420 

4-39-6 
4-52-0 

4-12-6 

4-  09 

4-46-3 

4-38-5 

-f46-5 
4-52-9 


04 


4-190 
-f34-9 

4-  I'O 
4-  8-9 

4-12-1 

4-32-7 

4-27-3 

4-299 
4-27-0 

4-42-2 
4-40-4 

4-SI7 

4-17-0 

4-II-4 

4-41*9 

4-45-8 
4-46a 

4-S4'9 
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Table  VI. — Data  for  length  of  B^  in  ice — Continued. 


Date. 


Time  of  day. 


1892. 
July    28 


Aug.    4 


8 


10 


1:00  to  11:32  a.  ra. 
1:38  12:10  p.m. 
1.07         1:36 


1:54 
2:36 

0:25 
I:II 

l:!8 

0:28 
1:22 
2:lo 
1:32 

0:40 
I:II 

1:14 

0:27 
1:05 

1:45 
1:07 

1:41 

2:08 


10:41 
11:12 

11:43 


12:33  p.  m. 

1:13 

10:58  a.  m. 

11:43 
12:23  p.  m. 

1:48 

1 1:12  a.  m. 
11:59 

12:37  p.  m. 
1:58 

il:o6  a.  m. 

11:38 
12:26  p.m. 

1:41 

II:00  a.  m. 

"•35 
12:17 

1:36  p.  rn. 

2:04 

2:31 

ii:o6  a.  m. 

11:37 
12:07  P-  ni' 


End  of 

metre 

west. 


B 


B 


Qi 


I 


Qi 


-fl2l 

+  163 

.+I8-5 
-f"32 

-|-I2-2 

+  15-6 

-I-I3-2 

+  168 
+  150 

—16-5 
— 13-6 
—157 
—17-6 

—  7*3 

—   2-1 

+  5-2 

+427 
4-46-9 

-|-47'8 

+52-3 
-|-6o-i 

+587 

-f  8-0 

4-  30 
+  7-5 


-f-2i-8 

+  21-5 

4-25-8 

-f  168 
-j-200 

-flI-2 

4-15-6 
4-14-2 
4-15-6 

— 18-8 

—  12-2 

—  14-8 
— 12-6 


4- 


8-3 
40 

o-o 

0-6 


4-44-6 
4-46-7 

+50-1 

+507 
4-53-0 
4-58-3 

4-  3-0 
4-  7-7 
4-  4-7 


A* 

4-17-1 
4-19-3 
4-21-4 

4-17-7 

4-21-9 

4-II-8 

4->7-4 
-I-II-6 

4-17-8 

—15-6 
—14-7 
— IO-6 

—  7*2 

—  10-9 

—  2*9 

4-  i-o 

4-    2-2 

4-463 

4-48-4 

4-49-9 

4-52-8 
4-59-6 
4-59-2 

4-  5-6 
4-  S'l 
4-  99 


Qi 


I* 
4-409 

4-41-8 

4-48-3 

4-42-9 

4-49-2 

4-41-5 
4-46-1 

4-44-3 
4-48-2 

-f  166 

4-15-8 
4-170 
4-22-9 

4-21-3 

4-24-3 

4-25-7 
4-32-1 

4-73*5 
4-76-0 

-h79-5 
4-85-1 
4-92-0 

4-95-3 

4-310 

4-31-1 

4-33*4 


4-43-8 
4-41-9 

4-45*4 

-f45*8 
4-46-4 

4-4^-4 

4-43*3 
4-47-6 

4-48-7 

-f  i6-6 

4-15-9 
4-20-8 

4-23-4 

4-227 
4-24-0 
4-31-2 

4-33-7 

4-73*5 
+805 

4-80-4 
4-89*0 
4-91*6 
4-92-7 

4-35*1 
4-33-7 

4-33-2 


Table  VII  following  gives  the  results  of  the  computation,  according 
to  equations  (1)  and  (3)  of  section  15,  based  on  the  data  of  Table  VI. 
The  first  column  gives  the  date  of  observation.  The  second  column 
gives  the  quantity  x^^M^  —  J5i7,  resulting  fi-om  a  set  of  observations; 
the  third  gives  y  =  l>— 53/21,  the  B  here  being  the  most  probable  value 
of  the  interval  between  the  terminal  microscopes  at  the  middle  time  of 
the  observations  in  any  set;  the  fourth  gives  z^  the  rate  of  change  of  D, 
or  the  most  jirobable  change  in  D  in  7*5  minutes,  about.  The  next  three 
columns  give  the  residuals  t?i,  t?3,  t?5,  or  most  probable  corrections  to 
Q\^  Q2J  Qsj  respectively;  while  the  two  following  columns  give  the  resi- 
duals 1^2,  t-4,  for  Qi,  Qi,  respectively.  The  last  column  gives  the  sum  of 
the  weighted  squares  of  the  residuals,  this  sum  being  designated  by 
[pvv].  The  value  adopted  for  p  is  1/5.  It  may  be  remarked  that  the 
sums  V2  +  V'A  4- 1?5,  and  t?a  4-  v^  should  each  be  equal  to  zero  within  a 
tenth  of  a  unit.  The  groups  of  values  for  the  several  dates  are  spaced 
ottby  extra  leads  as  in  Table  VI.  The  times  of  day  when  the  several 
sets  of  observations  were  made  are  given  in  Table  VI. 
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Table  \lL—£eiitill»  of  eomputution. 


Is 

-^ 

. 

r>        !       " 

-t^fiS  3"!  +  3-7 
L»3-3j  -Ho'i 

-0-29 

-1-47 

40-8 

+29 
-17 

I7-0  ;  -  B-4 

+0-I8 

f03I 

+  3-17 

+3-» 
-3-3 

— 0-4 
44-4 
■-0-9 

ai  1  +  i8-6  '  +  a-i 
'       il-9    +  '"' 

1          86-3    1  +    1-2 

-o^4 

l-o-iS 
+  1-85 
-  1-44 

-6-9 

-)0-2 
-35 

+  2-4 

—07 

-!-3-o 
-0-5 

aa  ■  ^  38-3 
2S-6 

+  I3'8 
+  "7-0 
-^-2C-3 

+  063 

+0-06 

-03 

+  1-9 

+06 

0-4 

-  2-6 

asl^p,,)- 

—  7-1 

—  6-0 

+  I-00 

+3-14 

~47 
-S-9 

"3-S 

+  1-3 

a7 

+  25-8 

11 

+I8-3 

-fao'6 
+35-4 

-1-47 

;.2'o8 
-0-38 

+0-3. 

+  '7 
-3-S 
—□■7 

+0-I 

04 

-1-0-3 

aS 

+  ai-8 
35-4 
34-9 

+  19'0 
+  17-0 
-fai-9 

+0-36 

+20 

+  Z'3 
+4'4 

"3-9 

4 

+  sS>5 
398 

Jill 

+1-3' 
+0'30 

+□■3 
+5'2 

Vo 

5 

+  28-5    +12-9 
»9-3  !  +IS'4 
31-8     +14-3 

3i-3    +ifi-i 

-0-4S 
+  0-3S 

-iS 

-L3.8 

--3  3 
-04 

-M7 
+o'S 

6  1+  33-6    -17-0 

ag-J    -'3-5 

3a'S    — "37 

1       3S7    -la-S 

+O'l0 

009 

+  1-62 

+1-39 

-0-7 
-)o'3 

■J  3-5 

-i  1-8 

+  ri 
H-o-i 

8  !  H  30-8 

t        I7-I 

191 

-  8  8 

~  3-0 

-  0-7 

^-  37 

— D-OI 

-0'17 

+.■98 

+0-O8 

1-6 

2-7 

+  1-0 

9 

t    390 

309 
307 
3S» 
34-a 

35-3 

+44-5 
-I-47-3 
+493 
iS''9 
H  S7-6 
-1587 

+0-40 

+  1-42 
+  0-4S 
+'■14 
— o-l? 

-067 

io-5 
-i  '-3 

:o6 
-0-8 

'  4-4 
:0-S 

10 

27-1 

35-9 

+  S-3 

T     7-4 

-;o-87 
■|-o-96 

-4-' 

-I-0-4 

-■O'S 

+J;5 
■■*7 

^, 

V, 

^. 

t/r-J 

-  -07 
40-9 

-o-i 

+0-3 
o-o 

jl; 

+  2-9 

■'4-3 

— 08 
+'■3 

+0-8 

IS 

9-4* 

-i-4S 

-  0-7 

:  2'9 

+*;3 
-04 

—13 

-03 

2488 
019 
31a 
539 

-,  0-8 

-iO-8 

OS 

-03 

+S2 

0-26 

338 

026 

41-3 
+4-7 

+i-a 

+2-2 

-rf 

1009 
3092 

—1-9 

+  4-t 
-IO-4 

.,  3-2 

-I 

+0-3 

,-07 

+07 
-IS 
—0-7 

328 

»-39 

-OS 

-04 

+0-1 

—10 

+0-3 
+^9 

f33 
6-94 

8-77 

-lo-S 
-3-3 

+0'2 
-17 

H  "7 

030 
14-17  : 

-3-6 

■U;3 

+  0-3 

■i  i;3 

-04 

+I-I 

+01 

'.■48 
0-33  1 

+  I-0 

1 27 

-O-I 

-0-3 
+  1-1 

1-05  ■ 
0-63 
0-51 
492 

04 
...3 , 
-i.07 

4-07 

+  0-I 

-.07 
-107 

--07 
— 0-8 

3-36 
343 

4  "7 

+0-4 
+  '■4 
--2'3 

iS 

-.  08 

-0-6 

+0-4 
-0-9 

09 

-I-0-6 

0-72 
3*5 

359 

-I-I-6 

+  3-1 

-in 
-!o'3 
-0-3 

-03 

Ho-3 

7-77 
3-2S 
*-57 

(17)  Convcdons  to  the  computed  raltten  of  j-. — The  coiiiinited  valaes 
of  J7  ill  Table  VII  are  subject  to  two  fiiiiall  corrfclioiis.    Tlic  tiratof 
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these  depends  on  the  inequalities  in  heights  of  the  focal  planes  of  the 
microscopes.  The  microscopes  were  adjusted  to  near  equality  in 
heights  of  their  focal  planes  by  the  method  explained  in  section  13,  but 
owing  to  some  unexplained  cause,  microscope  6,  which  was  attached  to 
the  east  pier  of  the  comparator,  was  given  a  position  about  2*""  too 
high.  This  maladjustment  was  discovered  on  July  19,  but  since  it 
could  be  measured  accurately  it  was  not  corrected  until  August  3. 
Measurements  of  the  inequalities  in  heights  of  the  focal  planea  were 
made  on  July  19,  20^  26,  and  August  3,  by  means  of  a  level  attached 
to  the  prototype  metre,  as  already  explained.  The  microscopes 
were  arranged  in  the  order  5, 1,  2,  3,  4,  6;  5  being  on  the'  west  pier,  6 
on  the  east  pier,  and  the  others  on  the  intermediate  piers.  The  follow- 
ing are  the  mean  values  of  the  difterences  in  height  of  the  focal  planes 
resulting  from  the  measures,  seven  in  all,  for  the  determinations 
extending  from  July  18  to  July  28.  The  "plus  sign  preceding  a  result 
shows  that  the  focal  plane  of  the  east  microscope  of  any  pair  is  the 
higher. 

mm. 

DiflTerence  for  5  and  1  — 0*34, 

1  and  2  +0-52, 

2  and  3  -0-30, 

3  and  4  4-0-32, 

4  and  6  -t-1-85, 
Sum  -t-2-05.* 

These  results  show  that  the  sum  of  the  projections  of  the  metric 
spaces  on  the  horizontal  focal  plane  of  microscope  5  is  2*0^  less  than 
the  sum  of  those  spaces.  Likewise,  since  the  plane  of  microscope  6  is 
2-05'"'"  higher  than  the  plane  of  5,  the  line  joining  the  foci  of  5  and  6  is 
0*4'*  longer  than  the  projection  of  this  line  on  those  planes.  Hence  the 
offective  correction  to  the  quantities  ^i,  ^3,  Q^  is  —  2-(r  +  0.4*"  =  —  1  •6*' , 
or  the  correction  to  a?  is  -f  l-C*" .  This  is  to  be  applied  to  every  value 
of  a?  up  to  July  28,  inclusive. 

On  August  3,  microscope  6  was  re-adjusted,  and  it  and  the  others 
were  then  left  undisturbed  throughout  the  remainder  of  the  compari- 
sons. Measures  of  the  relative  heights  of  the  focal  planes  were  made 
on  August  5  and  10.  The  resulting  mean  values  from  the  three  meas- 
ures are  as  follows : 

mm. 

Difference  for  5  and  1  —0-26, 

1  and  2  +0-48, 

2  and  3  —0-31, 

3  and  4  +0-40, 

4  and  6  —0-12, 
Sum  -f-0-19. 

The  corresponding  correction  to  a?  is  +0'3'* ,  and  this  is  to  be  applied 
to  all  vahies  of  x  from  August  4  to  10,  both  inclusive. 
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The  second  correction  ch^peuds  on  the  curvature  of  Bn  in  a  vertical 
plane.  This  curvature  in  lueaHured  by  means  of  the  long  striding  level 
aa  explained  in  Chapter  I,  section  0.  The  correction  is  so  small  that 
it  has  been  neglected  in  all  previous  work,  though  its  amount  was  less 
in  that  work  than  in  the  work  now  considered.  The  theory  of  the 
computation  of  this  correction  from  the  level  readings  is  given  in 
Supplement  A.  It  may  su£Qce  here  to  give  the  values  of  the  computed 
corrections.    They  are  a«  follows : 

July  18,  1892,  0-01, 


21, 

•09, 

27, 

•35, 

Aug.  4, 

•05, 

6, 

•07, 

8, 

•09, 

9, 

•31, 

10, 

•13. 

These  are  so  small  that  they  might  be  ignored  without  material 
error,  but  since  it  is  believed  that  they  represent  determinable  quan- 
tities, we  shall  here  apply  them.  It  may  be  remarked  that  their  vari- 
ability is  undoubtedly  due  to  the  effect  of  the  external  air  temperature 
on  the  web  of  the  Y-trough  so  long  as  the  vertical  adjusting  screws 
under  the  bar  are  left  undisturbed.  The  observations  show,  in  fact, 
that  if  the  bar  is  made  straight  for  any  given  external  temperature,  it 
becomes  convex  upwards  for  an  increase  of  that  terai)erature.  The 
adjusting  screws  wore  left  undisturbed  during  the  series  of  determina- 
tions extending  from  July  18  to  July  28,  and  it  will  be  seen  by  reference 
to  Table  VIII  following  that  the  maximum  correction  of  July  27  cor- 
responds to  the  maximum  air  temperature  of  the  series.  A  like 
remark  applies  to  the  series  extending  from  August  4  to  9,  the  maxi- 
mum cx)rre<5tion  corresponding  to  the  maximum  air  temperature  of 
August  9.    (See  Table  IX). 

Considering  the  small  number  of  determinations  of  corrections  in  the 
series  of  July,  we  may  adopt  a  single  mean  value  for  application  to  jr, 
viz,  0^2'*.  For  the  series  extending  from  August  4  to  9  we  shall  adopt 
O'l**  for  all  dates  except  August  9,  and  the  observed  value  O'B**  for  the 
latter  date.  The  value  adoi)ted  for  August  10  is  also  the  observed 
value,  the  bar  having  been  turned  end  for  end  and  re-jwljusted  on  that 
day. 

Since  the  curvature  of  Bn  diminishes  the  interval  between  it«  termi- 
nal lines,  these  corrections  must  be  ai)plied  to  the  (luautities  x  with 
the  negative  sign. 

(18)  Adopted  individual  and  mean  values  of  x. — Tables  VII £  and  IX 
following  show  the  adojjted  values  of  x  and  various  data  pertaining 
thereto  for  the  two  orientations  of  i?i7  in  the  ?-trough. 

In  making  up  these  tables  the  results  of  July  18  and  26  have  been 
rejected  for  the  following  reasons:  On  these  dates  the  microscopes 
were  taken  apart^  cleaned,  and  wrapped  with  cotton  batting  just 
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before  observing  with  them.  In  addition,  the  leveling  and  clamp 
screws  of  the  intermedijite  microscopes  1, 2,  3,  4  were  tightened.  It  is 
thought  that  the  anomalous  results  of  these  two  days  are  due  tomove- 
meutsof  the  microscopes  before  reaching  their  most  stable  ]>ositions  after 
replacing  their  objectives  and  rewrai)ping  them  in  cotton.  Subse- 
quently, when  any  such  adjustment  was  made,  the  apparatus  was 
allowed  to  stand  at  least  one  day  before  using  it.  Similarity  of  con- 
ditions, then,  if  there  were  no  other  reason,  would  seem  to  require  that 
these  results  be  omitted. 

Table  VIII  gives  the  results  obtained  with  the  A-end  of  Bn  west,  and 
Table  IX  those  obtained  with  the  A-end  of  Bn  east.  The  first  column 
of  either  table  gives  the  date;  the  second  the  maximum  air  tempera- 
ture of  the  day  as  observed  under  the  comparator  shed;  the  third 
specifies  the  orientation  of  the  metre;  the  fourth  gives  the  computed 
value  of  a?  from  Table  VII;  the  fifth  the  correction  for  inequality  in 
heights  of  focal  planes  of  the  microscopes,  or  slopes  of  metre;  the  sixth 
the  correction  for  curvature  of  B^}  the  seventh  the  adopted  value  of  x, 
and  the  eighth  the  residual,  found  by  subtracting  any  observed  x  from 
the  mean  value. 

Table  YlIl.-rAdopted  values  of  x^SMn  —  Bn  (A-end  of  Bn  west). 


Date. 

Max.  air 
tempera- 
ture 
of  day. 

End  of 
metre 
west. 

Computed 

value 

oix. 

Correction  for— 

Adopted 
jr. 

Mean  x 
for  date. 

V, 

Slopes  of 
metre. 

Curvature 
of  Bn. 

1892. 
July        20 

0 

320  c. 

B 

+  293 
266 

17.0 

-fl-6 
1-6 
1-6 

—02 
•2 
•2 

A* 

+  307 
280 

1 8-4 

4-257 

-3-8 
— i-i 

+8-5 

21 

286 

-Ui-6 

— 0-2 

300 

—3" 

310 

A 

259 
26- 1 
262 

1-6 
1-6 
1-6 

•2 

•2 

273 

275 
27-6 

28- 1 

— 04 
— 0-6 

— 0-7 

22 

33-5 

B 

283 
23-0 
256 

-f-i-6 
1-6 
1-6 

— 0-2 
•2 
•2 

297 

244 
27  0 

27-0 

--2-8 
4-2-5 
— o-i 

27 

385 

B 

258 
236 
258 
285 

4-1-6 
1-6 
16 
1-6 

— 0-2 
•2 
•2 
•2 

27*2 
250 
27-2 
299 

27-3' 

-0-3 
4-1-9 

— 0-3 
—30 

28 

36-0 

A 

22-8 

254 
249 

+  1-6 
1-6 
1-6 

— 0-2 
•2 
•2 

24-2 
26*8 
263 

258 

4-27 
-fo-i 
4-0-6 

Aug.       10 

360 

A 

27-5 
271 
259 

+0-3 
•3 

— O'l 
•I 
•I 

277 

273 
26- 1 

27-0 

-0-8 
— 0-4 
4-0-8 

Mean  value  of  x,  26-911"  ^0-4^  . 
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Table  IX. — Adopted  values  of  x=i5M%x^Bi 

7  [AendofBit 

east). 

1 

\t»m     air     ' 

Correction  for— 

Date. 

raax.  air 
tempera- 
ture 
of  day. 

End  of 
metre 
west. 

Computed 

value 

of  X. 

Adopted 

X. 

Mean* 
for  date. 

9, 

Slopes  of 

Cur\'aturc 

J          1 

metre. 

of  ^„. 

1892. 

0 

/i 

•      A* 

M 

A« 

It 

Aug.         4 

H-28-5 

4-0-3 

— o-i 

4-287 

-f2-6 

34-5  C. 

A 

298 

•3 

•  T 

300 

+294 

■fi-3 

5 

285 

-f  03 

—O-I 

287 

+^1 

293 

•3 

•  V 

295 

+1-8 

31-8 

•3 

•  V 

320 

—0-7 

300 

B 

323 

•3 

•  T 

'32-5 

30*7 

—1-2  i 

6 

zy(> 

+03 

—01 

33-8 

+s 

293 

•3 

■  V 

29s 

326 

•3 

•  « 

32-8 

-"1-5 

325 

A 

357 

•3 

•  T 

359 

33-0 

-4-6 

8 

308 

+03 

—O'l 

31*0 

-{^3 

272 

•3 

274 

+3-9 

• 

29- 1 

•3 

•  V 

293 

-f-2-O 

345 

A 

302 

•3 

•  T 

304 

295 

-fo^ 

9 

29-0 

-fo-3 

— 03 

29*0 

4-2-3 

309 

•3 

•3 

309 

4-0-4 

307 

•3 

•3 

307 

-fo^ 

35" 

•3 

•3 

351 

-3-8 

34-2 

•3 

•3 

34-2 

— 2*9 

37-5 

B 

35*3 

•3 

•3 

35*3 

32-5 

-4-0 

Mean  value  of  .r,  31*34^'  ^0-4/*  . 

The  individual  values  of  a?  in  Table  VIII  or  IX  are,  so  far  as  known, 
of  equal  weight.  The  values  of  a?  in  the  two  tables  differ  systematically, 
however,  for  reasons  given  at  length  in  section  20  below.  Hence  we 
shall,  for  the  sake  of  distinction,  call  the  mean  of  the  adopted  values  of 
X  in  Table  YIII,  x^,  and  the  mean  of  those  in  Table  IX,  Xe,  the  suffixes 
defining  the  orientation  of  I?,,.    These  means  are 

x^=:  +  LMrO**  ±  O'V  for  A-end  of  -B,-  we^t, 
iCe  =  4-  31-3    ±  0-4  for  A-end  of  Bn  east. 

Since  x  =  5M21  — •  Bn 

and  5M21  =  5'"     + 12-6^, 

these  equations  give 

Bn  =  5"^  -  U'V  dL  0-4''  for  A-end  west, 
Bn=:5    -18-8   ±0-4    for  A  end  east. 

The  probable  errors  assigned  to  these  mean  values  are  derived  firom 
the  residuals  in  the  last  colunms  of  the  tables.  Thus^  the  sum  of  the 
squares  of  the  residuals  in  Table  YIII  is  135*5,  and  the  corresponding 
sum  from  Table  IX  is  118'1.  Tbe  number  of  residuals  is  forty  and  the 
number  of  unknowns  two.  Hence  the  probable  error  of  an  individaal 
value  of  a?  in  either  tJible  is  ±  l*?**;  and  since  the  weights  of  o?^  and  s^ 
are  each  20,  their  probable  errors  are  each  equal  to  ±  0-4 **, 
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(19)  Sources  of  accidental  error. — The  principal  accidental  errors 
affecting  the  qnantities  d?,  y,  z  of  Table  VII,  and  likewise  the  adopted 
values  of  a?  in  Tables  VIII  and  IX,  are,  it  is  believed,  errors  of  obser- 
vation and  errors  arising  from  irregular  movements  of  the  six  micro- 
scopes of  the  comparator.  An  idea  of  the  relative  magnitudes  of  these 
two  species  of  error  can  be  derived  in  the  following  manner:  Referring 
to  equations  (1),  (2),  and  (3)  of  section  15,  it  is  seen  that  the  resultant 
of  the  errors  involved  in  the  quantities  Q,  on  which  the  values  in  Table 
VII  depend,  appears  in  the  sums  of  the  weighted  squares  of  the  resid- 
uals given  in  the  last  column  of  that  table.  These  sums  vary  very 
greatly  for  different  sets  of  observations,  but  a  tnistworthy  value  for 
the  resultant  error  may  be  derived  from  the  aggregate  of  the  sums 
given  in  the  last  column  of  the  table.  Onlitting  the  values  of  July  18  and 
26  for  the  reasons  assigned  in  section  18,  the  aggregate  of  the  sums  is 

[pvv\  =  168-8. 

The  total  number  of  residuals  in  the  40  sets  of  determinations  is  200, 
and  the  total  number  of  derived  values  of  Xj  y,  z  is  120.  Thus  the 
probable  error  of  an  observed  Q  of  weight  unity  (or  of  any  Q2  or  ^4)  is 


±  0-6745  Q^5:|^,o)'=±l-0'- 


This  applies  to  a  single  measure  of  the  distance  between  the  terminal 
microscopes  with  the  5™  bar  Bi-;,  Since  the  weight  of  any  Q^  Q3,  ^5, 
or  of  a  single  measure  of  that  same,  distance  with  the  metre  M21  is  1/5, 
the  probable  error  of  one  such  measurers  ±  2*2*' . 

Since  the  C/s  which  enter  the  formulas  of  section  15  are  independent 
it  follows  that  the  probable  error  of  a  single  value  of  x  derived  by  this 
process  is 

This  value  is  only  0-2''  less  than  the  valuederived  by  a  different  proc- 
ess in  the  preceding  section.  The  latter  process,  it  will  be  observed, 
takes  account  of  any  changes  in  the  quantities  x  which  may  occur  from 
set  to  set  of  observations  or  from  day  to  day.  The  close  agreement  of 
the  two  probable  errors  is,  therefore,  an  indication  that  such  changes 
were  small,  and  also  that  the  assumption  on  which  the  method  of  com- 
putation depends  is  essentially  correct. 

An  examination  of  the  residuals  in  Table  VII  shows  a  satisfactory 
distribution.  Thus,  of  the  whole  number  of  residuals  used,  namely, 
200,  99  are  plus,  93  are  minus,  and* 8  are  zero  each.  The  maximum 
residual  in  the  class  whose  weight  is  unity  is  2*3^ .  The  maximum 
residual  in  the  class  whose  weight  is  1/5  is  6*9'' ,  which  is  about  three 

times  the  corresponding  probable  error,  or  ±  2*2'* ,  as  given  above. 

It  will  be  noticed  that  the  [pvv]  for  the  earlier  sets  of  determinations 
in  July  are  considerably  larger  on  the  average  than  for  the  later  sets 
in  August.    The  only  reasons  I  can  assign  for  this  at^^^^^X^^^^^^^ 
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piers,  which  were  coini)leted  only  a  short  time  before  beginning  to  use 
them  in  Jnly,  grew  more  and  more  stable  with  the  drying  and  harden- 
ing of  the  cement;  and,  second,  that  the  smaller  time  interval  required 
to  make  a  set  of  observations  after  the  observers  had  become  well 
accustomed  to  the  work  diminished  the  chance  of  error  from  move- 
ments of  the  microscopes.  It  does  not  ai>pear,  however,  as  shown  in 
the  preceding  section,  that  the  resulting  values  of  x  were  appreciably 
less  precise  in  the  earlier  than  in  the  later  comparisons. 

Now,  as  to  the  relation  of  the  errors  of  observation  to  the  aggregate 
eiTors,  we  may  assume  as  hitherto  that  the  probable  error  of  a  single 
microsco])e  reading  does  not  ex<!eed  0'5'*.  The  probable  error  from  this 
source,  then,  in  an  observed  y.  or  (^4  is  ±  0*5^,  if  we  8upi)08e  but  four 
readings  to  be  made  on  Z?i7.  The  corresponding  value  for  an  observed 
Qh  Q3,  or  Qr,  is  :t  0.5 '^  v/o  =  ±  I'l".  These  are  exactly'  half  as  great 
as  the  values  derived  from  the  resultant  errors.  Hence  we  conclude 
that  the  probable  error  in  a  single  determination  of  jt,  due  to  instability 
of  microscopes,  etc.,  or  to  all  extra-observational  sources,  is 


±^5''^l-~  =  il•3^ 


This  shows  a  very  satisfactory  degree  of  stability  of  the  microscopes, 
since  it  is  but  little  more  than  1/4  (>00  OOOth  part  of  the  length  of  Bn  or 
of  the  distance  between  the  terminal  microscopes. 

Finally,  from  whatever  point  of  view  we  regard  the  adopted  values 
of  a?  in  Tables  VIII  and  IX,  their  accordance  leaves  little  to  be  desired. 
It  appears  plain  that  for  either  orientati<ni  of  Bn  the  same  quantity, 
essentially,  was  observed  on  every  date.  This  is  well  shown  by  the 
constancy  of  the  mean  values  of  x  for  the  several  dates.  In  Table 
VIII  the  maximum  divergence  of  any  date  mean  from  the  adopted 
mean  of  all  values  of  x  is  but  1-2'*,  and  the  corresi)onding  maximum 
divergence  in  Table  IX  is  but  1*9''.  The  average  of  these  is  no  greater 
than  the  probable  error  of  a  single  value  of  x  as  derived  in  this  sec- 
tion, namely,  -i:  InV;  and  it  is  l(»ss  than  the  probable  ern^r  of  a  single 
value  of  a?  derived  in  the  preceding  section,  namely,  A-.  l^T'*. 

Taking  this  last  probable  error  as  a  basis  it  ap|)ears  that  the  mean 
of  four  determinations  of  J^n  in  terms  of  .I/21  on  the  new  comparator 
would  have  a  probable  error  less  than  Por  loss  than  l/5  000(K)0th 
of  Bn-  ^Ve  must  c^onclude,  thereftne,  that  the  temperatures  of  J/21  and 
Bn  were  fixed  within  very  narrow  limits  by  the  melting  ice  with  which 
they  were  surrounded. 

(20)  SyHtematic  error. — The  precision  of  the  results  attained  on  the 
new  comparator  brought  to  light  an  unexpected  source  of  systematic 
error.  This  source  of  error  ap^x^ars  to  be  due  to  the  fact  that  the 
transverse  graduation  marks  at  the  ends  of  Hn  ditfer  much  in  width,  and 
to  the  fact  that  the  personal  equations  of  the  observers  differ  widely  in 
amount.  As  already  stated  the  width  of  the  graduation  mark  at  the 
A  end  of  Bn  is  l^***^'*,  while  the  width  of  the  mark  at  H  en«l  is  ^'2".  It 
had  been  known  from  the  experience  of  the  observers,  Siebert  and 
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Woodward,  on  Hoi  ton  Base  that  their  personal  equations  differed;  but 
it  was  not  known  that  their  equations  varied  with  diliering  widths  of 
graduation  marks  and  micrometer  wire  intervals  until  the  fact  was 
developed  in  the  course  of  the  determinations  detailed  above. .  It  was 
then  easily  seen  by  direct  observation  that  such  difference  might  intro- 
duce an  apprecijible  constant  error. 

Fortunately  in  nearly  all  the  work  done  with  the  apparatus  the 
observers  have  been  the,  same,  namely,  Siebert  and  Woodward;  the 
only  exception  being  the  few  determinations  of  length  of  Bn  made  by 
Tittmann  and  Woodward  in  July,  1891. 

Before  proceeding  to  examine  this  question  minutely  it  may  be 
remarked  that  all  determinations  of  i^n  indicate  a  systematic  difference 
in  its  length  depending  on' its  orientation  in  the  Y-trough.  To  show 
this  clearly  we  will  collect  the  results  given  in  the  preceding  sections. 
For  this  purpose  it  is  desirable  to  introduce  a  more  general  designa- 
tion for  the  orientation  of  Bn  than  that  used  hitherto.  We  shall  adopt 
the  convention  that  the  A  end  of  Bn  is  left  or  right  according  as  it  is 
to  the  left  or  right  of  the  observer  as  he  stands  alongside  of  the  bar 
wiiile  reading  a  microscope.  Thus  A  end  left  corresponds  to  A  end 
west  for  the  work  on  the  new  comparator  and  to  A  end  north  for  the 
work  on  the  office  comparator. 

Collecting  the  results  of  the  direct  determinations  for  length  of -B17 
from  sections  4,  5,  and  18  we  have — 

July,  1891 ,  B„  =  5™  -  10-P  ±  2-(y*  for  A  end  left, 

J5,7  =  5    -11-9   ±2-0   for  A  end  right; 
Feb.-Mar.,  1892,  B^  =  5    -  14-6   ±  0-8    for  A  end  left, 

i^n  =  5     -16  2    ±0-8    for  A  end  right; 
Julv-Aug.,  1892,  2^,7  =  5     -  14-4    ±  0-4    for  A  end  left, 

Bn  =  5    -  18-8   ±  0-4    for  A  end  right. 

The  differences  shown  here  are  all  of  the  same  sign.  Their  amounts 
>vith  their  probable  errors  are 

July,  1891,  1-8'*  ±2-8'*, 

Feb.-Mar.,  1892,  1-6    ±  1-1  , 
July-Aug.,  1892,  4-4    ±  0-6  . 

A  difference  with  the  same  sign  but  of  much  smaller  amount  is  shown 
by  the  comparisons  of  Br,  and  l^ia,  as  may  be  seen  by  reference  to  Table 
IV,  section  9.     Its  amount  is  0-4'*  ±  l-S**. 

Although  these  quantities  differ  widely  amongst  themselves  their 
probable  errors  show  that  they  are  not  inconsistent  with  one  another, 
while  their  persistence  in  sign  renders  it  highly  probable  that  they  are 
due  to  a  common  cause. 

The  only  cause  which  appears  adequate  to  explain  this  discrepancy 
is  that  mentioned  at'  the  beginning  of  this  section,  and  although  the 
evidence  of  this  cause  is  not  conclusive  there  would  seem  to  be  little 
doubt  that  it  is  the  principal  cjiuse.  We  proceed  to  examine  the  ques- 
tion at  length  and  to  present  all  the  available  evidence. 
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It  is  esseDtial  to  tho  inciuiry,  in  the  first  place,  to  know  precisely  how 
personal  equation  or  error  may  affeet  tlie  observed  data.  Since  nearly 
all  the  observations  were  made  by  Siebert  and  Woodward  it  will  be  con- 
venient to  use  a  notation  referrinjr  especially  to  their  equations.    Let — 

iSft,  fi^b  =  the  corrections  to  the  niicrosrope  readings  of  Siebert  on  the 

A  end  and  B  end  of  /ij:,  respiKJtively, 
TTi^,  ^Vb  =  the  corresi)ondiug  corrections  to  the  readings  of  Woodward, 
Rij  Li  =  the  observed  readings  of  Siebert  on  the  right  and  left  baud 

ends  of  the  bar,  respectively, 
Rzf  Li  =  the  corresponding  readings  of  Woodward; 

*Then,  supposing  the  microscope  readings  to  increase  from  right  to 

left,*  we  have  for  the  distance  J)  between  the  zeros  of  the  terminal 

microscopes 

(A  end  of  />^t  left.) 

The  sum  and  difference  of  thcst^  give 

2>  =  ^,,+  i(L2+/.,)-A(i?.  +  'A',)  +  A(*V.+  >rj-i(,^,+  irb),  (1) 
{^%  -  W,)  +  («5  -  ]\\)  =  -  (/>,  -  />,)  +  (h,-Ki).  (2) 

When  IJ\^  is  reverse<l  in  the  Y- 1  rough  we  may  assume,  in  order  to  be 
entirely  general,  that  owing  to  change  in  the  aspects  of  the  marks  and 
to  the  difference  in  wire  intervals  of  the  two  microscopes  the  correc- 
tions Sa,  W^, . . .  change  in  value.  Designating  the  new  values  of  the  cor- 
rections and  of  the  new  rciidiiigs  by  the  same  letters  with  an  acceuty 

we  have — 

(A  end  of  B,-  right.) 

D  =  B,,  +  i  (//,  +  /y,)  -  A  {R',  +  R',)  -  h(i^\+  1V\)  +  J(6\  +  TF',),(3) 
(«'.  -  W'.)  +  {8\  -  W\)  =:  -  {lA  -  FA)  +  {R'2  -  R\).        (4) 
For  brevity,  put 

V  =  (^;  -  w,)  +  (&',,  -  Wy,).  (^) 

V'  =  (&^  -  1V\)  +  {S\  ~  W\). 

If  now  we  denote  the  mean  vahies  for  length  of  7>i7  <*orresponding  to 

its  two  orientations  by  V'l  an<l  V^  the  above  etiuat ions  (1)  and  (3)  show 

that 

Ri^  4-  u  =  \\  for  A-en<l  of  7>i7h'rr, 

Bn  -  u'  =   W  for  A-end  of  Br,  light.  (^) 

If  the  personal  equations  remain  the  same  for  both  positions  of  the 
bar,  u  =  «',  and  the  hi'lf  sum  of  (0)  gives  /ij-  free  from  this  source  ot 
error.  On  the  other  hand,  if  those  equations  differ,  the  error  of  Bn 
derived  from  the  mean  of  (<»)  is 

*  The  niicrofjcopes  were  so  used  on  tli»>  iirw  <'oin]):irat<»r  jukI  in  all  tlio  work  witJi 
the  iced  bar  on  (loltou  Buric.  Tho  inrroasr  was  in  the  o])posit<'  direction  with'flie 
microsro])i^  as  niouutrd  on  tho  oflice  <roni)»aratnr.  It  will  ho  uotioed  that  the  cor- 
rections Sf^f  /r«  change  sign  with  fluch  change  of  direction. 


REPORT   FOB   1892 PART   IL 


385 


Length  of  Iced  Bar  B^j. 

It  appears  from  the  equations  (1)  to  (4)  that  the  observations  are 
insuflScient  to  determine  the  correc>tions  /8^»,  W», .  .  .  without  additional 
relations  between  them.  It  is  clear,  however,  that  if  the  widths  and 
aspects  of  the  graduations  were  the  same  at  both  ends  of  the  bar,  and 
if  the  wire  intervals  of  the  micrometers  were  equal,  no  error  from  this 
source  would  appear  in  the  resulting  lengths  of  the  bar,  and  it  is  a 
matter  of  regret  that  these  theoretical  considerations  were  not  duly 
appreciated  when  the  bar  was  constructed.  It  is  clear  also  that  the 
orientation  of  Bn  ought  to  have  been  changed  from  day  to  day,  for  the 
errors  in  question  would  thus  have  been  more  certain  of  elimination  in 
the  final  mean. 

We  may  nevertheless  gain  some  idea  of  the  magnitude  of  the  cor- 
rections desired  from  equations  (2)  and  (4),  which  give  the  quantities 
V  and  v'  defined  by  the  last  two  of  (5).  Each  set  of  observations  on 
Bi7  gives  a  value  for  v  or  t?',  as  the  case  may  be,  and  there  were  4  to  12 
such  sets  for  each  day's  work.  The  mean  values  of  the  resulting  v  and 
v'  are  collected  in  Table  X  following,  which  is  arranged  in  two  parts 
corresponding  to  the  two  orientations  of  Bii.  The  first  column  gives 
the  date,  the  second  the  number  of  individual  values  of  t?,  and  the 
third  the  mean  value  of  v  for  the  date.  The  second  half  of  the  table 
gives  the  corresi)onding  values  pertaining  to  v'. 

Table  X.« — Observed  valves  of  v  and  v'y  July  and  August^  1892. 

A-cnd  of  i>  17  left. 


Number  of  i  w^^..  ,..i..^ 
Date.        :       values         MeanNalue 

1    observed.  "*  ' 


1892. 

^ 

July      20 

6 

+5-9 

21 

8 

4-48 

22 

6 

-f  60 

27 

8 

4-4-1 

28 

6 

-1-4-2 

Aug.     10 

6 

4-4-2 

A-cnd  of  /?|7  right. 

Date. 

Number  of 
values 

Mean  value 
of  t/. 

observed. 

1892. 

/* 

Aug.       4 

4 

— 0-9 

5 

8 

-fo-i 

6 

8 

-f-2-6 

8 

8 

-j-I'O 

9 

12 

-I'S 

If  we  assign  to  the  several  mean  values  in  this  table  weights  pro- 
portional to  the  numbers  of  observed  values  on  which  those  means 
depend,  the  following  weighted  means  result: 

V  =  +  4-8'^  ±  0-2'* ,  ??'  =  4.  0-2'*  ±  0-6'^ . 
It  thus  appears  that  the  quantities  v  and  v'  are  no  less  definite  than 
the  corresponding  values  for  length  of  B\^  already  derived.  But  the 
fact  that  V  and  v'  diff'er  so  widely  makes  it  necessary  to  suppose  that 
the  personal  equations  changed  with  the  change  in  aspect  of  the  bar. 
How  such  a  change  can  arise  I  am  unable  to  exphiin,  but  some  addi- 
tional observational  evidence  indicates  that  it  took  place.  This  evi- 
dence was  obtained  by  mea^suring  the  differences  (S,,  —  IVa),  {8^  —  l^b), 

S.  Ex.  37—25 
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{S\  —  W't),  and  (S'l,  —  W\)  directly.  For tbix purpose  theobser 
made  readings  alternately  at  cither  end  of  the  bar  while  it  was  1 
Htill  in  its  Y-trougli.  Ii^everal  Rucli  series  of  readings  were  made  doi 
Angnst  30  and  31,  18!)2,  Tliey  were  not  verj-  Batisfa^itory  for 
reaHontt  tlint  tlie  bar  wits  not  iced  and  tliat  it  roiild  not  be  kept  v 
stable.    The  Ibllowing  mean  vaUics  were  derived : 

S'l  -  W'l  Zt\'S  \'  *■»"'• "' «"  "s""- 

The  sums  of  these  piiim  of  valuet  give  in  act-ordaiiee  with  the  1 
two  of  equations  {i>}: 

V  =  +  l-(r,         r'  =  +0-7". 

Tbese  values  sire  nineh  less  defluite  tlian  the  mean  values  gii 
above  and  differ  widely  from  tliem.  but  the  disconlani^e  in  so  mi; 
greater  tban  can  be  attributed  t^)  other  sonrees  of  error,  that  it  see 
essential  to  entertain,  the  hypotlieses  first,  that  the  |>ereonaI  eqiiatii 
of  the  obHciverH  varied  from  time  to  time;  or  B<^cond,  that  the  work 
the  new  comparator  was  subjeijt  to  some  ronstant  error  which  chan;! 
sign  with  the  c.bnngo  in  onentatiou  of  the  bar;  or  third,  tliat  both  tb< 
possible  (causes  were  operative.  These  viens  are,  in  fact,  suggested 
the  variations  of  the  values  of  r'  in  the  Heeond  half  of  Table  X. 

It  becomes  desirable,  therefore,  to  glean  such  information  on  tl 
point  a.s  is  aD'onled  by  the  obsen  utions  on  lin  during  February 
May,  1892,  on  the  offiee  eomparator,  anil  likewise  by  the,  observntiv 
in  the  use  of  the  appanitus  on  I  lolton  Itaae  in  ISiU.  The  values  o 
and  v'  resulting  from  the  divert detorniinatiunK  of  /Jr  on  the  office oo 
parator  are  given  beluw  in  Table  XI,  wbieh  is  an'anged  in  the  sai 
mannei-  us  Table  X. 

Table  XI. — Ohserveil  raluefi  of  r  hdiI  t',  Fehrimrii  to  Mnrch,  1S92 


■^ 

enJ,.f /(„k 

': 

A- 

.,..„..„..                1 

D-U. 

"""-- 

Dute. 

.M«jn  v.lu« 

Of.. 

1892. 

^ 



Feb.       4 

3 

+  0-8 

I'cl,.      .9 

+3-9 

S 

2-8 

4 

2-8 

6 

23 

4 

3-8 

8 

5' 

4-0 

^5 

K 

t-6 

1.1 
15 

14 

26 

*7 

Mar,      7 

8 

1-9 

ifi 

12 

1-9 

S 

s 

2-0 

17 

3-0 

9 

IS 

^ 

41 

" 

4 

1-9 

3-3 
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Giving  the  values  in  this  table  weights  proportional  to  the  number 
of  measures  for  each,  there  result  the  following  weighted  means: 

t?  =  +  2-9^  ±  0-2'* ,        r'  =  +  2-3'*  ±  0-2'* . 

These  values,  it  is  seen,  not  only  agree  well  with  each  other  but  are 
determined  with  a  precision  quite  equal  to  that  of  the  corresponding 
mean  values  from  Table  X.  It  may  be  remarked  that  the  precisions 
should  not  differ  much  in  the  two  cases  since  the  readings  from  which 
V  and  v^  are  obtained  are  made  in  less  than  one  minute,  and  hence 
stability  of  the  microscopes  is  depended  on  for  this  short  period  only. 
There  are,  however,  nearly  twice  as  many  determinations  represented 
in  Table  XI  as  in  Table  X,  and  this  fact  accounts  mainly  for  the 
smaller  probable  errors  of  v  and  t?'  derived  from  Tabte  XI.  The  range 
amongst  the  daily  means  is  nearly  the  same  in  the  two  tables  and 
amounts  at  most  to  4*1'" . 

The  observations  on  Bn  at  the  times  it  was  compared  with  B^  give 
the  following  values : 

Apr.  29,  1892,    v  =  +  2-8'*  (mean  of  10  measures,) 

30, 1892,    V  =  +  2-2    (mean  of  17  measures), 

May    5,  1892,     t''  =  +  1*9    (mean  of  27  measures). 

These  values  are  likewise  fairly  accordant  with  eiich  other  and  with 
the  values  just  given  above. 

Finally,  the  values  oft?'*  derived  from  the  observations  on  the  100"* 
comi)arator  of  Ilolton  Base  in  1891  are  (see  Chapter  III,  section  6) : 

Aug.    4  to  Aug.  7,  1891,        v'  =  +  3-8'* , 
Sept.  24  to  Aug.  6,  1891,        t?»  =  +  3-3. 

With  respect  to  the  latter  results,  it  is  to  be  remarked  that  they  were 
obtained  with  the  lower  power  (27  diameters)  Repsold  microscopes,  and 
may  not  be  strictly  comparjible  with  the  results  obtained  with  micro- 
scopes 5  and  6,  which  have  a  power  of  50  diameters.  They  do  not 
differ  materially,  however,  in  the  mean  from  the  average  values  oft?  or 
v'  obtained  on  the  office  comparator. 

Collecting  all  these  mean  values  for  v  and  t?'  and  taking  their  half 
sums  and  half  differences,  we  have  the  following  condensed  sbitement 
of  all  the  direct  information  bearing  on  the  constancy  of  the  personal 
equations  of  the  observers: 


Date. 

|(t4-f'). 

4(t-V). 

Feb.  to  Mar.,  1892 
Apr.  to  May,  1892 
July   to  Aug.,  1892 

4-2-6^ 

4-2-2 

-i-2-5 

-fO'2 

+2*3 

The  agreement  of  the  quantities  J  (r  +  r')  in  this  sta.tement  is  no  less 
remarkable  than  the  disagreement  of  the  last  of  the  quantities  i(t?  —  t?') 
from  the  other  two.    It  appears  that  the  cause  of  the  divergence  of 

'*  lin  was  used  with  the  A-end  right  iu  all  the  work  on  Holton  BaiBA«    \L«<Qj(fi^*Cs^^ 
quantity  v*  only  appears  iu  this  work. 


1j 


I    I 


>?' 


.1 


,     t 


1 

•j 

,  'I 
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J  (t?  —  v')  in  July  and  August,  1892,  whatever  it  may  have  been, 
such  as  to  inoreaHc  v  and  decrease  r'  by  about  the  same  amount 
change  of  thi.s  kin<l  might  have  occurred  in  several  ways  thr 
changes  in  the  eight  quantities  flfa»  ^^mj ...  as  may  be  seen  by  refei 
to  the  last  two  of  equations  (5) ;  but  the  data  do  not  indicate  tha 
change  is  more  likely  to  have  occurred  in  one  of  these  ways  rather 
in  another. 

In  view  of  all  the  evidence  presented  in  this  section,  it  appean 
tain  that  the  observers  assigned  ditterent  lengths  to  Bi-j^  dependii 
its  orientation  in  the  Y-trough.  Ft  appears  equally  certain  thai 
difterence  is  due  to  personal  equation  of  the  observers  or  to  chan 
aspect  of  the  graduation  marks,  or  to  both  these  causes.  The 
causes  are  entangled  with  one  another  and  can  not  be  separated 
out  additional  data.  We  conclude,  however,  that  the  effects  ar 
from  these  causes  are  well  eliminatetl  in  the  nu^an  of  lengths  of  th 
in  its  two  orientations,  or  that  the  error  of  this  mean  length,  expn 
by  equation  (7),  is  small. 

The  conclusion  just  state<l  does  not  re<iuire  the  assumption  of 
stancy  and  equality  of  the  quantities  u  and  m'  of  equations  (5),  I 
seems  best  t<»  adopt  this  assumption  in  <leriving  the  final  lengths  c 
for  A-end  left  and  A-end  right.  The  justitication  of  this  view  is 
found,  1  think,  in  an  examination  of  the  observed  values  of  }(r  - 
J  (u  —  f '),  and  u  +  u'j  given  above.  Thus  the  first  of  these  q 
tities  varies  bv  O'V  only  for  three  diiVerent  sets  of  determinai 
extending  over  half  a  year's  time,  the  second  varies  by  2-1'',  am 
third  by  4*()'*.  With  respect  to  this  last,  however,  or  to  the  qua: 
n  +  w',  we  must  remark  that  it  might  be  expected  to  vary  in  obsc 
value  much  more  than  the  others,  since  it  comes  from  data  dependei 
the  stability  of  all  ])arts  of  the  apparatus,  while  the  other  two  de 
only  on  the  stability  of  Bn  and  the  terminal  microscoi)es.  But  the 
stancy  of  m  +  u'  in  the  determinations  of  July  to  August,  1892,  rer 
it  highly  probable  that  the  value  then  derived  is  a  real  quantity,  in 
was  masked  by  errors  of  the  less  precise  determinations  on  the  < 
comparator. 

ADOPTED  LKNQTIIS  FOK   «!> 

{31)  Summan/  of  results. — Collecting  the  results  for  length  o 
given  in  sections  i,  5,  11,  and  IS,  we  have  the  following  summa 
Table  XI I : 

Table  XII. — Stmunary  of  rvsnits  for  length  of  JSn. 


ji 


Date. 


17 


A-cn<l  left. 


A-end  right. 


July,  1891 
Feb.  to  Mar.,  1892 
Apr.  t«>  May,  iSu2 
July  to  Au^'.,  1 892 


m 


5 
5 
5 


i4-r,  :|'o-8 

1 1.5   -I- 1-8 

141   j  0-4 


m 


11-9^  ±2-0^ 

i6-2  4: 0-8 

11-9  I  1-8 

1 8.8  i  o*4 
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The  probable  errors  in  this  table  differ  widely,  but  so  far  as  is  knowu 
they  are  the  best  available  indexes  of  the  precision  of  the  several  results. 

In  accordance  with  the  conclusions  and  assumption  stated  in  the 
preceding  section  we  shall  derive  three  values  for  length  of  Bn, 
namely:  First,  a  length  for  A-end  of -B17  left;  second,  a  length  for  A-end 
\)f  Bn  right;  and,  third,  a  mean  length,  which  it  is  assumed  will  be  free 
from  constant  error. 

It  will  be  recalled  that  the  results  of  July,  1891,  were  obtained  by 
Tittmann  and  Woodward,  while  all  the  rest  were  obtained  by  Siebert 
and  Woodward,  who  used  the  bar  also  in  the  i)osition  A-end  right  in 
aU  the  work  of  Holton  base.  We  might,  therefore,  use  the  results  of 
1891  in  getting  the  mean  length  of  Bny  but  they  should  be  excluded  in 
getting  the  other  lengths.  In  any  case,  however,  it  can  make  but 
little  difference  whether  we  include  or,  exclude  the  results  of  1891, 
since  the  weights  we  are  constrained  to  adopt  amount  practically  to 
the  exclusion  of  those  results.  The  same  remark  applies  also  to  the 
results  of  the  indirect  determinations  of  April  and  May,  1892,  since 
their  weights  must  be  small  in  comparison  with  the  weights  of  the 
results  of  the  direct  determinations. 

{3J2)  Derivation  of  lengtJis  ofBnin  terms  ofM2i. — It  is  assumed,  as  al- 
ready stated,  that  the  length  of  i^n  observed  by  Siebert  and  Woodward 
is  greater  or  less  than  its  mean  length  according  as  the  A-end  is  left  or 
right  by  a  constant  which  we  may  denote  by  u.  In  conformity  with 
this  assumption,  if  Bn  denote  the  mean  length  of  the  bar,  or  the  length 
free  from  systematic  error,  B^+u  will  be  the  observed  length  for  A-end 
left  and  Bn—u  the  observed  length  for  A-end  right. 

The  observed  lengths  given  in  Table  XII  afford  a  series  of  observa- 
tion equations  from  which  Bn  and  u  may  be  determined.  In  writing 
these  equations  the  question  whether  the  theoretical  weights  of  the 
observed  quantities  should  be  modified  in  any  way  presents  itself. 
Using  the  probable  errors  of  the  observed  lengths  of  1892  as  a  basis, 
the  weights  of  these  lengths  are  proportional  to  the  numbers  1,  0*2, 
and  4.  These  seem  to  present  great  disparity,  but  in  view  of  all  the 
considerations  set  forth  in  the  preceding  sections,  I  am  not  disposed  to 
change  them.  Other  numbers  presenting  less  disparity  might  be  used, 
but  the  resulting  values  for  Bn  and  u  would  not  be  much  changed 
thereby.  Adopting  these  theoretical  weights,  then,  and  writing  for 
brevity,  /S=Bi7— S*",  the  observation  equations  given  by  the  results  in 
Table  XII  become 

Weight. 

/3  +  u  +  U'G''  =  +  0-27'*,  1, 

/j-14  +  16-2  =-1-83,  1, 

/3+U  +  1V5  =-2-83,  0-2, 

/3-u+ll'9  =-6-13,  0-2, 

P+U  + 14-4  =  +  0-07,  4, 

/3^u  +  lS'S  =  +  0-77,  4u 
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The  normal  equations  from  these  are 

10-4/:^= -168-28'*, 
10-4w  =  +   19-28, 

whence 

/J  =-16-18"  iO^O**, 

«=:+  1-85    ±0-40. 

The  sum  of  the  weighted  squsivcs  of  the  residuals  is  14-93.  Hence  the 
probable  error  of  an  observed  quantity  of  unit  weight  is  il-^",  and 
the  probable  error  of  either  (i  or  u  is  i  0-40'*.  Likewise,  the  probable 
error  of  >tf  +  u  or  fi—u  is  i  O-S** ,  or  exactly  twice  that  of  fi  or  n. 

Hence  the  values  we  adopt  for  the  length  of  Bx^  in  terms  of  Proto- 
tyi)e  Metre  Mn  are  the  following: 

1?,.  =  5"'  -14-3'*  ±  O-S*^  for  A  end  left, 
Bn  =  b    -  18-9     -i:  9-8     for  A  end  right, 
i?,.  =  5    -16-2     ±9-4     for  mean. 

It  is  to  be  remarked  that  the  first  two  values  hero  given  apply  espe- 
cially  to  the  work  done  with  the  bar  by  the  observers  8iebert  and  Wood- 
ward. Other  observers  having  different  personal  equations  might 
assign  different  lengths  for  the  left  and  right  orientjitions  of  the  bar. 
The  last  value,  on  the  other  hand,  is  8ui)posed  to  be  free  from  sys- 
tematic error  dependent  on  personal  equation  and  on  the  orientation  of 
the  bar.  It  is  the  length  which  should  be  applied  in  deriving  the 
mean  length  of  a  line  measured  the  same  ^number  of  times  for  each 
orientation  of  the  bar. 

With  respect  U)  the  adopted  mean  length  of  JK^,  it  may  be  further 
remarked  that  it  differs  but  9'9'*  from  th(^  mean  of  the  direct  determina- 
tions of  February  and  March,  1892,  and  but  9-4''  from  the  mean  of  the 
direct  determinations  of  tluly  and  August,  1892.  Tliese  two  series  of 
determinations  were  the  most  extensive  and  accordant  of  all  the  deter- 
minati(ms  made,  though  differing  nmch  in  pr«M'ision.  It  is  seen,  how- 
ever, that  if  this  difference  in  precision  weie  ignored,  the  simple  mean 
of  the  two  values  for  either  orientation  or  for  the  mean  of  both  would 
not  differ  widely  from  the  adopted  vahies.  Thus,  tlie  mean  with  equal 
weiglits  for  A-end  left  is  5'"— 14-5'* ;  that  for  Aend  right  is  6™— 17-5^  ; 
and  for  the  mean  of  these  two  5"'  — 16-9'*.  Finally,  it  may  be  remarked 
that  the  results  of  .Inly,  1891,  and  those  of  April  and  May,  1892,  which 
are  iiractically  rejected  by  reason  of  their  small  weights,  do  not  differ 
at  most  from  the  adopt<»d  values  by  amounts  much  in  excess  of  the 
millionth  j)art  of  the  bar's  length;  thr  discrepances  being,  in  fact,  S-S** 
for  A-end  left,  6-1''  for  A-end  right,  and  4-8'*  in  the  mean.  Moreover, 
these  discrepances  are  quite  within  the  range  indicated  by  the  proba- 
ble errors  of  the  inferior  results.  It  a[)i)ears  i)roper  to  conclude,  there- 
fore, that  the  values  for  i^,-  adoi)ted  above,  are  trust  wortliy  to  the  extent 
shown  l)y  their  probable  errors. 
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(23)  Lengtlhs  of  Bn  in  terms  of  the  International  metre, — The  values  for 
length  of  Bii  derived  in  the  preceding  section  are  expressed  in  terms  of 
Prototype  Metre  Ko.  21.  It  remains,  then,  to  combine  the  probable  error 
of  the  length  of  this  metre  with  the  probable  errors  of  those  derived 
lengths  in  order  to  get  the  probable  errors  of  the  lengths  of  J9n  when 
expressed  in  terms  of  the  International  Metre.  In  the  Eapport  sur  la 
construction,  les  comparaisons  et  les  autres  Operations  ayant  servi  -k 
determiner  les  Equations  des  INTouveaux  Prototype  M^trique,  p.  82,  the 
probable  errors  of  the  Prototypes  are  said  to  vary  from  dLO'P  to 
±0-2'*  between  such  limits  of  temperature  as  are  ordinarily  met  in 
metrology.  Since  in  the  application  of  M2\  to  the  determination  of -Bn 
only  one  temperature,  namely,  that  of  melting  ice,  has  been  used,  we 
shall  adopt  the  extreme  value  ±0-2'*  for  the  probable  error  of  the  length 
of  itfj,.  The  probable  error  of  ^Mtx  is  then  dLl-C*,  and  the  probable 
error  of  the  length  of  ^17  for  A-end  left  or  right  becomes  ztl'S**,  and 
for  the  mean  length  ±1-1'*.  Hence  we  have  for  the  length  of  Bii  m 
terms  of  the  International  Metre,  the  following  values,  the  first  two  of 
which  apply  only  to  the  work  done  with  the  bar  by  Siebert  and  Wood- 
ward : 

^,7  =  5'"  -  14-3''  ±  l-a**  for  Aend  left. 

J5n  =  5    -18-0    rtl-3    for  A-eud  right. 

^,7  =  5    -16-2    ztl-l    for  mean. 

{2i)  Concluding  remarJcs. — In  designing  arid  using  the  iced-bar  appa- 
ratus many  questions  not  referred  to  in  the  preceding  pages  were  raised 
and  considered.  Some  of  these  have  important  bearings  on  the  practi- 
cal success  of  the  apparatus,  and  most  of  them  will  naturally  arise  in 
the  mind  of  the  critical  reader.  It  is  proi)er,  therefore,  to  devote  some 
attention  to  them  here. 

The  most  obvious  and  important  of  these  questions  is  whether  the 
bar  assumes  the  temperature  of  melting  ice  when  fully  packed  in  it. 
No  absolutely  crucial  mode  of  answering  this  question  is  known  to  me, 
but  there  appears  to  be  no  reason  to  suppose  that  it  takes  a  materially 
different  temperature,  liepeated  observations  on  mercurial  thermome- 
ters placed  in  the  ice  alongside  of  the  bar  show  that  they  read  zero  0. 
within  the  unavoidable  errors  of  a  few  hundredths  of  a  degree.  That 
the  bar  assumes  a  fixed  length  within  very  narrow  limits  is,  it  would 
seem,  demonstrated  by  the  small  range  amongst  the  determinations  of 
its  length  on  the  new  comparator,  and  the  equally  small  range  amongst 
the  measures  made  with  the  apparatus  on  the  100^  comparator  and  the 
standard  kilometre  of  the  Holton  Base.  Considering  these  ranges,  and 
the  fact  that  the  bars  expansion  is  about  55**  per  degree  C,  there  is  but 
very  small  margin  for  variation  in  the  bar's  length.  An  independent 
and  perhaps  more  conclusive  answer  to  this  question  is  afforded  by  the 
results  of  the  two  most  important  groups  of  determinations  of  the  length 
of  the  bar,  namely,  the  group  of  February  to  March,  1892,  and  that  of 
July  and  August,  1892.    During  the  period  covered  by  the  first  ^^^^^ 
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the  air  temperature  about  the  Y-trough  varied  from  5^  to  10°  C,  while 
for  the  latter  group  the  air  temperature  varied  from  25^  to  40°  O.  If 
the  bar  is  affected  to  any  appreciable  extent  by  the  external  air  tem- 
perature it  ought  to  have  been  louger  at  the  tiuie  of  the  Hecond  group 
of  compariAons  than  at  the  time  of  the  first,  since  the  average  air  tem- 
perature for  the  second  group  was  higher  by  about  30°  C.  than  for  the 
first  group.  The  mean  lengths  for  those  groups  differ,  however,  by 
only  I'S**,  the  indicated  length  of  tlie  bar  being  so  nuicli  shorter  at  the 
higher  than  at  the  lower  tenipeiature.  My  conclusion,  then,  is  that  the 
bar  assumes  a  sensibly  constant  temperature  when  proi)erly  iced  iu  the 
Y-trough. 

The  time  required  by  the  bar  to  reiicli  a  stable  length  is  less  than  ten 
minutes.  The  rate  of  temperature  change  is  so  great  in  the  early  stages 
of  freezing  that  90  per  cent  or  more  of  the  contraction  of  the  bar  occurs 
within  a  minute  after  it  is  well  surrounded  by  ice.  The  corresponding 
time  required  by  the  prototype  metre  to  reach  a  stable  length  appears 
to  be  less  than  five  minutes,  which  is  less  than  the  time  required  to 
properly  pack  it  in  ice.  In  the  use  of  the  apparatus,  however,  the  bar 
and  metre  have  been,  in  general,  fully  packed  in  ice  from  half  an  hour 
to  an  hour  before  observing  on  thein. 

A  question  which  received  attention  in  designing  the  apparatus  is 
whether  the  friction  of  the  bar  on  its  supports  in  the  Y-trough  may  not 
affect  its  length  appreciably.  Since  the  cross  section  of  the  bar  is 
2'56  square  centimetres,  and  the  modulus  of  elasticity  of  steel  about 
2x10*  kilogrammes  per  square  centimetre,  it  would  require  a  lon- 
gitudinal stress  of  1  kilogramme  to  change  the  bar's  length  1  micron  if 
the  bar  were  free  to  respond  to  such  stress.  From  this  calculation  and 
from  a  consideration  of  the  actual  circumstanc(?s  under  wiiich  the  bar 
is  used,  it  wa^i  concluded  that  this  friction  would  produce  no  apprecia- 
ble effect.  Some  direct  experiments  to  t(»st  this  point  were  made, 
however,  during  the  course  of  the  comparisons  with  the  Prototn>e  Metre 
of  February  and  March,  1892.  In  these  experiments  the  Y-ti'ough  was 
subjected  alternately  in  quick  succession  to  tension  and  compression 
while  readings  were  niade  (m  the  bar.  Several  such  trials  were  made 
without  disclosing  any  change  in  the  bar's  length.  It  is,  indeed,  diffi- 
cult to  see  how  any  frictional  stress  could  manifest  itself,  especially 
when  the  api)aratus  is  trundled  along  on  its  cars  as  in  measuring  a  line 
or  as  used  on  the  new  coniparator,  sin(!e  the  jarring  incident  to  such 
motion  ought  to  relieve  the  bar  from  all  but  the  smallest  stress. 

A  query  may  also  arise  as  to  the  effect  on  the  bar's  temperature  of 
the  exposed  graduated  surfaces,  it  might  be  inferred  that  the  bar  is 
percejitibly  hotter  by  reason  of  these  exposed  parts,  small  though  tbey 
are,  than  it  would  be  if  entirely  covered  with  ice.  But  a  study  of  the 
physical  relations  here  i)resented  d(»es  not  Justify  such  an  inference-. 
The  reason  is  that  the  conductivity  of  the  steel  is  so  much  higher  than 
its  emissivity  in  air  that  the  exj)osed  ])arts  (»f  the  bar  cannot  differ  in 
'Verature  by  more  than  a  few  thousandths  of  a  degree  from  the 
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unexposed  parts.^  Whatever  this  excess  may  be,  it  can  affect  only 
short  portions  of  the  bar,  and  hence  produce  only  vanishing  changes  of 
length.  The  same  conclusion,  it  would  appear,  applies  with  greater 
certainty  to  the  Prototype  Metre.  A  simple  and  direct  experiment 
bearing  on  this  question  has  also  been  frequently  tried.  It  consisted 
in  microscope  readings  on  the  ends  of  the  bar  just  before  and  just  after 
pressing  the  bare  finger  for  a  period  of  ten  to  thirty  seconds  against 
one  of  the  graduation  plugs.  If  the  heat  thus  conducted  from  the  hand 
to  the  bar  is  not  speedily  dissipated,  the  bar  should  have  been  measura- 
bly lengthened  thereby.    No  such  change,  however,  was  observed. 

An  obstacle  which  sometimes  proves  troublesome  in  the  use  of  the 
apparatus,  is  the  condensation  of  moisture  on  the  graduated  surfaces 
of  the  bar.  The  most  effective  means  found  for  removing  this  is  a  dry 
camel's-hair  brush.  Such  brushes  were  used  in  the  long  series  of  com- 
parisons of  the  bar  and  Prototype  Metre  in  July  and  August,  1892,  and 
no  material  delay  from  moisture  occurred. 

Finally,  experience  with  the  apparatus  leads  me  to  recommend  a  bar 
having  a  Y-shaped  rather  than  a  rectangular  cross  section.  Such  a  bar 
would  possess  the  requisite  rigidity  with  small  mass  per  unit  length. 
It  could  be  subdivided  into  metre  spaces  by  marks  on  its  neutral  sur- 
face, and  its  entire  length  determined  by  measuring  those  spaces 
separately  as  well  as  by  the  method  dependent  on  the  use  of  six  micro- 
scopes. Its  fiducial  lines  should  be  of  equal  width  within  a  micron  or 
two,  so  that  personal  equation  would  be  certain  of  elimination  by 
exchange  of  positions  of  the  observers  for  either  orientation  of  the  bar. 
Provision  might  also  be  made  for  protecting  the  graduated  surfaces 
from  direct  contact  with  the  ice.  For  this  purpose  hard  rubber  tubes 
might  be  fitted  around  those  surfaces,  and  if  desirable  they  could  be 
made  long  enough  to  extend  up  through  the  ice  pack.  Such  tubes 
would  prevent  abrasion  of  the  polished  surfaces  by  grit  in  the  ice,  and 
would  also  protect  them  to  some  extent  from  currents  of  air,  which,  if 
laden  with  moisture,  produce  troublesome  condensation.  The  length 
in  melting  ice  of  a  bar  possessing  this  degree  of  refinement  could  be 
readily  determined  by  the  method  followed  on  the  new  comparator.  It 
would  appear,  in  fact,  from  our  experience  in  the  use  of  that  comparator 
that  the  length  of  such  a  bar  in  terms  of  a  prototype  metre  would  be 
known  with  a  probable  error  not  exceeding  1  micron  from  the  mean  of 
four  measures,  which  might  be  made  in  one  day,  or  in  two  days  at  most. 

*TIii8  coucliipion  i8  based  ou  an  mventigation  made  by  the  atithor  in  1888,  namely. 
On  the  ditlnsion  of  beat  in  homogeneous  rectangular  masses,  with  a  special  reference 
to  bars  used  as  standards  of  length.  Annals  of  Mathematics,  vol.  4,  pp.  101-127.  It 
appcai'H  from  this  investigation,  which  is  founded  on  Foorior's  methods,  that  a  bar 
of  smalU  cross  section  (less  than  4<^i"x4<^°',  say),  cooling  or  heating  in  air  from  an 
initial  unifonn  temperature,  maintains  a  sensibly  uniform  temperature  throughout 
its  mass  during  the  entire  process  of  cooling  or  heating.  That  is,  the  difference 
between  the  temperatures  within  and  at  the  surface  of  the  mass  is  very  small  when 
the  cross  section  is  smalL 
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CHAPTER  III. 

Meast'rembnts  Made  With  Iced  Bar  Apparatus  at 

HoLTON  Base  in  1S91. 

(1)  Plan  of  operations  icith  apparatus  in  1891, — The  plan  sabmitted 
by  me  to  tlie  Sai)eriDteiideiit  of  the  Survey  for  the  use  of  this  apparatus 
oil  the  Holton  Base  of  tlie  transcontinental  triangulation  in  Indiana, 
contained  the  following  rQconiniendations  which  were  approved  and 
carried  out  during  the  summer  of  181H:  (a)  To  constnict  a  100-metre 
comparator  near  the  Holton  Base;  to  standardize  this  comparator  by 
repeated  measurements  with  the  i<;ed  bar,  and  to  use  this  comparator 
in  turn  to  standardize  and  study  the  behavior  of  100"'  tripes  or  those  of 
less  length,  or  uny  other  form  of  base  api)aratus;  (/>)  to  use  the  iced 
bar  in  addition  to  make  several  measures  of  a  kilometre  at  least  of  the 
base  line,  so  that  the  efficiency  of  the  different  forms  of  ap]>iiratu8  used 
in  measuring  the  whole  base  could  be  tested  on  the  actual  ground  over 
which  they  were  applied. 

Before  giving  the  results  of  the  measures  made  with  the  iced  bar  it 
is  proper  to  give  a  brief  description  of  the  long  comparator  and  of  the 
kilometre  whereon  the  apparatus  was  uscmI. 

(2)  The  lOO'inetre  comparator. — The  100 metre  ccmiparator  of  the 
Holton  Base  was  a  line  100"'  long  fitted  for  measurement  with  the  iced 
bar  apparatus.  Twenty-one  beech  wood  microscope  posts,  1*8'"  long 
and  IS*^*"  X  15^'"  in  cross  section,  were  set  firmly  in  the  ground,  5'"  apait, 
on  a  level  plat  neai'  the  north  end  of  the  base.  Alongside  of  the  post« 
a  stationary  railway  track  was  laid,  the  sui)port  i)o8ts  of  which  were 
half  way  between  the  microscope  posts.  The  ends  of  the  line  were 
marked  by  brass,  spherical-headed  bolts  cemented  into  tiie  upper  ends 
of  stone  posts,  whicli  latter  were  well  set  in  beds  of  concrete.  The 
comparator  was  covered  by  a  shed  110'"  long  by  .*{'"  wid(\  Its  length 
extended  nearly  east  and  west.  It  was  cov(Med  at  the  ends  and  on  the 
south  side  as  well  as  overhead,  but  the  north  side  was  left  o\m\  in 
order  to  permit  free  access  of  daylight  and  air.    (See  illustration  No.  31.) 

This  comparator  was  built  by  Assistant  A.  T.  Mosnian  after  plans 
drawn  up  by  Mr.  Siebert.  It  answered  its  pur]M)se  very  satisfactorily. 
An  efficient  auxiliary  applied  by  Assistant  INlosnian  was  a  sawdust 
covering  to  the  ground  along  the  comparator.  This  covering  absorbed 
the  dust  and  moisture,  and  juevented  the  transmission  of  disturbances 
through  the  ground  to  the  microscoi»e  posts.  TIu'  stability  of  these 
post«  may  be  inferred  from  the  measures  of  the  comparator  interval 
given  below. 
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(3)  The  standard  Jcilometre. — A  nearly  level  portion,  one  kilometre  in 
length,  of  the  Holton  Base  was  selected  by  Assistant  Mosnian  for  meas- 
urement with  the  iced  bar  aparatus.  The  base  line,  whose  entire 
length  is  6-5  kilometres,  runs  in  a  nearly  north  and  south  direction 
across  the  Crawfish  Flats  of  Southern  Indiana.  The  portion  selected 
for  the  iced  bar  measures  passes  for  600'"  of  its  length  through  a  dense 
forest  growth,  leaving  about  200"*  at  either  end  in  open  fields.  The 
Avhole  kilometre  is  on  low  ground  and  the  part  within  the  forest  is,  in 
a  wet  season,  subject  to  partial  inundation.  The  soil  along  the  kilo- 
metre is  a  stiff  clay,  which  is  very  firm  when  dry,  but  which  assumes  a 
jelly-like  mobility  and  elasticity  when  saturated  with  water. 

The  way  through  the  forest  was  cleared,  and  the  end  stones  of  the 
kilometre  were  set  under  the  direction  of  Assistant  Mosman  during 
May  and  June,  1891.  Duiing  the  latter  half  of  the  following  August 
and  early  September  the  microscope  and  track  posts  were  set  along  the 
line.  Owing  to  frequent  and  heavy  rains  this  was  a  tedious  operation. 
Many  of  the  posts  were  set  in  the  water  w^hich  filled  the  post  holes  as 
fast  as  they  were  dug.  It  is  impossible,  therefore,  to  present  any  sta- 
tistics as  to  the  speed  with  which  this  work  can  be  done  under  usually 
favorable  circumstances.  It  may  be  remarked,  however,  that  it  is  a 
w^ork  which  requires  but  little  skilled  labor.  In  addition,  it  should  be 
said  that  the  microscope  post^  were  set  with  considerable  precision. 
Accuiate  spacing  of  the  posts  to  5"'  apart  was  secured  by  means  of 
100"'  and  shorter  steel  tapes,  while  the  posts  were  aligned  by  means  of 
a  theodolite.  The  probable  error  in  position  of  a  post  face  with  respect 
to  the  kilometre  line  does  not,  I  think,  exceed  ±  3'"*",  while  tlie  proba- 
ble error  of  the  reference  line  fixed  on  the  posts,  as  explained  in  section 
9,  ('hapter  I,  does  not  exceed  i  1"'"^. 

The  bolts  marking  the  termini  of  the  kilometre  were  cemented  in  the 
end  stones  by  Assistant  Mosman  early  in  August,  after  their  proper 
relative  positions  had  been  determined  by  Assistant  O.  H.  Tittmann 
witli  the  Survey  secondary  apparatus.  Intermediate  stones  dividing 
the  kilometre  into  four  nearly  equal  sections  were  set  on  September  7, 
1891.  Each  of  them  consisted  of  a  half  cubic  metre  of  concrete  set  in 
the  ground  so  that  its  upper  surfsice  was  about  even  with  the  ground 
surface.  On  the  top  of  each  stone  was  cemented  one  of  the  Eepsold 
crtoff  plates,  which  are  provided  with  spherical  hea<led  bolts  for  use 
with  the  cut-ott' cylinder  previously  described. 

When  these  intermediate  stones  were  set,  the  ground  along  the  line 
was  so  wet  that  it  w\is  a  matter  of  difficulty  to  keep  the  water  out  of 
the  excavations  while  the  concrete  was  being  rammed  into  place. 
These  stones  did  not  become  dry  and  hard  until  deep  trenches  were 
dug  about  them  on  September  18,  1891.  For  this  reason  it  is  probable 
that  these  stones  were  much  less  stable  during  the  first  two  measures 
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of  the  kilometre  (September  10, 15)  than  dariiig  the  last  two  measnres, 
(September  26,  30). 

(4)  ResulU  of  measures  of  comparator  interval. — The  distance  be- 
tween the  terminal  spheres  of  the  100°"  comparator  was  measured  nine- 
teen times.  The  first  nine  measures  were  made  between  July  30  and 
August  7, 1891,  and  the  remainder  between  September  24  and  October 
6.  A  measure  as  here  designated  means  a  determination  of  the  com- 
parator interval  without  interchange  of  the  observers  in  reading  on 
the  ends  of  the  bar.  Such  intercliange  of  observers  took  place  in  all 
cases  except  for  the  first  five  measures,  during  which  direct  observa- 
tions for  personal  equation  were  made  on  the  bar.  These  observations 
proceeded  on  the  assumption  that  the  relative  equation  of  the  observ- 
ers was  the  same  at  both  ends  of  the  bar.  But,  as  shown  in  section 
20  of  Chapter  II,  this  assumption  is  not  correct.^  It  becomes  essen- 
tial, therefore,  to  recur  to  the  investigation  given  in  the  section  just 
referred  to  in  order  to  understand  how  the  i)ersonal  equation  affects 
the  measures  in  question. 

In  all  measures  of  the  comparator  interval  the  A  end  of  Bit  was 
right,  and  the  observers  were  S  (Siebert)  and  W  (Woodward).  When 
a  measure  proceeded  from  left  to  right  (or  west  to  east)  S  always 
observed  at  the  right  or  A  end  of  the  bar  and  W  at  the  other  end,  if 
they  did  not  exchange  positions.  When  they  did  exchange  positions, 
S  always  observed  first  on  the  A  end  and  W  at  the  B  end  of  the  bar. 
When  a  measure  proceeded  from  right  to  left,  S  always  observed  first 
at  the  B  end  of  the  bar  and  W  at  the  A  end. 

In  conformity,  then,  with  the  notation  of  section  20,  Chapter  II,  let 
Xj,  ia,  -Bi,  2^2,  denote  the  left  and  right  hand  readings  respectively  of 
a  pair  of  microscopes  for  any  bar  length;  and  let  S^^  8^^  W^j  Wi» 
denote  the  corrections  to  these  readings  for  personal  equations  of  the 
observers  at  the  A  end  and  I>  end  of  the  bar,  respectively.  Then,  sup- 
posing the  measure  to  proceed  from  left  to  right,  the  distance  between 
the  pair  of  micros<jopes  considered  is 

Bi,  +  L,^K,^  (&;  -  W^)y  (a) 

for  the  first  position  of  the  observers,  and 

^„  +  X,-2i!,  +  (>S5- TTO,  (b) 

for  tlie  second  position. 

Now  the  derived  length  of  Br,  for  A  end  right  corresponds  to  the 
mean  of  these  two  expressions  (a)  and  (b);  but  when,  as  in  the  case 
of  the  first  five  measures  of  the  comparator  interval,  the  expression 
(a)  only  was  observed,  the  use  of  the  derived  value  of  B^i  gives  a  dis- 
tance too  large  by  (5»—  ^^1,)  for  each  bar  leugth.  Similarly,  the 
distance  in  the  case  of  the  use  of  expression  (b)  only  is  too  small  by 
(/S^b—  Wa)  per  bar  length.  It  is  necessary,  therefore  to  treat  the  first 
7ZY>up  of  measures  of  the  couipai'ator  interval  in  such  a  way  as  to  take 
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due  a<;count  of  the  inequality  of  the  numbers  of  measures  in  the  two 
cases  denoted  by  the  expressions  (a)  and  (b). 

Let  Di  denote  the  most  probable  value  of  the  apparent  distance 
between  the  terminal  spheres  when  the  expression  (a)  is  used,  and  D3 
the  corresponding  value  when  the  expression  (b)  is  used.  Then  the 
resulting  observation  equations  will  be  of  the  forms 

wherein  Q'  and  Q"  are  the  quantities  measured  with  the  microscopes 
and  cut-off  cylinders,  and  t?'  and  v"  are  their  most  probable  correc- 
tions. If,  on  the  other  hand,  D  denotes  the  most  probable  value  of  the 
actual  interval  between  the  terminal  spheres,  we  shall  have 

D  =  i  (D,  +  D2).  (2) 

In  the  case  of  the  second  group  of  measures,  the  observers  ex- 
changed positions  in  every  case,  so  that  we  might  use  the  values 
resulting  from  the  means  of  the  expressions  (a)  and  (b);  but  inasmuch 
as  it  is  desirable  to  get  an  idea  of  the  constancy  of  the  personal  equa- 
tion effect,  we  shall  treat  the  second  group  in  the  same  manner  as  the 
first;  that  is,  by  means  of  equations  (1)  and  (2). 

The  greater  part  of  the  measures  were  made  by  moving  the  bar 
from  west  to  east  (or  left  to  riglit)  along  the  comparator.  Some  of  the 
later  measures  were  made  in  the  opposite  direction,  and  they  disclose, 
apparently,  a  source  of  systematic  though  minute  error,  depending  on 
the  direction  of  measure.  The  same  sort  of  error  is  indicated  also  by 
the  measures  of  the  standard  kilometre  given  in  detail  below.  We 
shall  exhibit  the  data,  then,  in  a  way  to  disclose  these  effects  as  well 
as  those  arising  from  personal  equation. 

Table  I  following  gives  all  of  the  data  observed  for  the  length  of 
the  comparator  except  tlie  special  observations  for  personal  equation 
alluded  to  above  and  referred  to  again  below.  The  first  column  gives 
the  date  of  the  observations.  The  second  column  gives  the  direction 
in  which  the  measure  proceeded;  W  to  E,  for  example,  signifying  that 
the  measure  started  from  the  Avest  end  of  the  comparator  and  pro- 
ceeded towards  the  east  end,  or  proceeded  from  left  to  right.  The 
third  column  gives  the  observation  equations  in  the  forms  (1)  above. 
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Table  I. — Data  for  kngth  of  100^'  comparator. 


Date. 

Direction  of 
measure. 

Observation  equation. 

189 

I. 

mm.             mm. 

July 

30 

W  to  E 

D I  —  20  B  ,T  -  39532  —  -1-  0055 

30 

W  to  E 

I),_2o        —      574  =-f    -013 

30 

W  to  E 

D 1  —  20        —     '660  =  —    -073 

31 

W  (0  E 

I)^__2o       —       548  =  +    039 

Aug. 

3 

W  to  E 

D 1  —  20        —      '643  ==  —    -056 

4 

W  to  E 

1)  I  —  20        —       624  —  —    -037 

4 

W  to  E 

D..  —  20        —      476  —  —    026 

7 

W  to  E 

D ,  —  20        —      -528  =  -f    -059 

7 

W  to  E 

Da  —  20        —       424  =  -f    'O26 

Sept. 

24 

W  to  E 

D,  —  20  B,7   -  39272  ^  +  0134 

24 

Wto  E 

Dj  —  20        —     •i9i.=  -|-    -149 

(^ct. 

2 

W  to  E 

Di  —  20        —      ■394~~-i-    '0*2 

2 

W  to  E 

D3  —  20        —      •320^=4-    -020 

2 

E  to  W 

Di  —  20        —      432  -—  —    026 

2 

E  to  W 

Do  —  20        —      -369  =r  —    -029 

6 

W  to  E 

D,— 20        —       422=:: —    -016 

6 

W  to  E 

D2  — 20        —       370  -—    030 

6 

E  to  W 

D,  —  20        —      -512  — —     106 

6 

E  to  W 

D«  —  20        —      •419  ~—    "'09 

I 


(6)  Derivation  of  lengths  of  Comparator, — An  inspection  of  the  results 
]Q  the  above  table  indicates  Uiat  the  length  of  the  (comparator  interval 
changeil  during  the  period  of  about  two  months  which  elapsed  between 
the  determinations  of  the  two  gi'oups.  That  such  a  change  might  occur 
seems  not  improbable,  since  the  stones  c^irrying  the  terminal  spheres 
rose  to  a  level  with  the  ground  surface,  and  since  a  marked  change  in 
the  amount  of  moisture  in  the  ground  took  i)lace  during  the  period. 
The  results  of  the  second  group  of  determinations  indiciite  that  sach  a 
change  was  taking  place  at  the  time  they  were  made.  Additional  evi- 
dence that  such  changes  are  likely  to  ()C(!ur  is  attbrded  by  the  measures 
of  the  sections  of  the  standard  kilometre,  as  explained  below.  It  will 
be  assumed,  therefore,  that  tlie  values  of  D  for  the  two  groups  should 
differ,  and  the  observed  quantities  Avill  be  treated  accordingly. 

Attributing  equal  weights  to  the  observation  eijuations,  we  have 

from  the  first  group 

mm. 

Dx  =  2(^/>^7  +  39-587 

A  =  20B,-  +  ;^9'4r)() 

The  sum  of  the  squares  of  the  residuals,  using  the  millimetre  as  unit, 
is  0-0193.  The  number  of  equations  is  9  and  the  number  of  unknowns 
2.  Hence  the  probable  error  of  a  single  eciuation  is  i  0'03G'""»,  and  the 
apparent  lengths  2>i  and  D^  have  probable  errors  of  it  O-Ol-A™™  and 
±  0-02f>"»™,  respectively. 

But  the  objective  quantity  is  />  =  ^(i)i  -f  />/).  I'sing  the  above 
numerical  values  and  observing  that  the  ])robal)le  error  of  i>  is 


±  0-020""" 


Vse' 
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we  have  from  the  first  group  of  observations — 

D  =  20Bn  +  39-518°»"»  ±  O-OIO"™. 

From  the  second  group  of  measures  we  find 

mm, 
Di  =  20Bn  +  39-406 
A  =  20J?,7  +  39-340 

The  sum  of  the  squares  of  the  residuals  is  0-006  and  the  probable 
error  of  a  single  equation  is  ±  0-061*"°'.  Hence  we  find  for  the  length 
of  the  comparator  from  the  second  group  of  measures 

D  =  20^17  +  39-373°'°»  ±  O-OIO™*". 

(6)  Discmsion  of  results  of  comparator  measures, — The  two  values  of 
D  just  derived  difier  by  0-14")""",  a  quantity  14-5  times  the  probable 
error  of  the  first  vahie  of  D  and  5-4  times  the  probable  error  of  the  sec- 
ond value  of  D.  It  seems  probable,  therefore,  that,  whatever  may  be 
the  cause  of  this  dift'erence,  it  is  a  real  quantity,  although  it  is  but 
1/689  000th  part  of  the  comparator  interval. 

I  am  unable  to  explain  the  greater  magnitudes  of  the  residuals  in 
the  second  group  of  comparisons  over  those  in  the  first  group.  It  may 
be  observed,  however,  that  the  hyj)othesi8  of  a  uniform  increase  of  the 
interval  Di  or  Z>2,  from  September  24  to  October  6,  satisfies  the  observed 
values  very  closely  and  renders  them  quite  as  accordant  as  the  first 
group  of  values.  So  far  as  skill  in  handling  the  apparatus  could  affect 
the  measures,  those  of  the  latter  group  should  be  the  more  precise, 
since  in  the  interval  between  the  two  groups  the  observers  had  the 
benefit  of  a  large  amount  of  experience  with  the  apparatus  on  the 
standard  kilometre.  Judging  fnrni  our  experience  on  that  kilometre 
during  the  second  set  of  measiu*es  of  it,  when  the  conditions  were  about 
equally  favorable  to  those  presented  on  the  comparator,  it  would  seem 
impossible  for  the  normal  errors  of  measurement  to  produce  a  ra^ge  as 
great  as  that  shown  in  the  second  group  of  comparator  measures. 

The  length  of  the  comparator  interval  was  used  in  turn  to  stand- 
ardize the  100'"  steel  tapes,  as  explained  in  Chapter  rv,  and  also  to 
standardize  the  bars  of  the  secondary  apparatus.  To  get  working 
lengths  of  the  comparator  for  these  purposes,  it  will  be  assumed  that 
the  length  changed  uniformly  with  the  time  which  elapsed  between  the 
two  groups  of  measures.  Fortunately  the  greater  part  of  the  determina- 
tions  of  the  tai)e  lengths  was  made  at  abpift  the  times  of  the  groups  of 
measures  of  the  comparator  interval. 

If  we  take  the  difference  between  7>i  and  D2  for  the  two  groups  of 
comparison,  we  find 

/^ 
+  137  for  the  first  group, 
+   66  for  the  second  group. 
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Tliese  quantities  represent  twenty  times  the  function  {8^^  —  TTb)  + 
(iSb  —  W^)  of  the  personal  equations  of  the  observers,  as  shown  by  the 
expressions  (a)  and  (b)  of  section  4  above.  This  function  is  also  the 
same  as  i?'  of  section  20,  Chapter  II.    Ilenoe  we  have 

ff'=z  +  6-8  **  for  the  first  group, 
v'  =  +  3'3  for  the  second  group*. 

The  first  of  these  values  is  less  trustworthy  than  the  second,  since  the 
latter  is  independent  of  all  sources  of  error  save  that  of  the  character 
of  personal  equation,  while  the  former  involves  other  sources  of  error. 
If  we  use  the  observations  of  August  4  and  7  only  in  the  first  group, 
the  resulting  value  of  t?'  is  +3*8**,  which  does  not  diflfer  materially  from 
the  value  coming  from  the  second  group. 

Had  we  assumfed  the  values  of  (6*,  —  W\,)  and  (Sb  —  W^)  equal,  as  was 
done  in  a  preliminary  account  of  this  work  published  in  the  American 
Journal  of  Science  for  January,  1893,  the  resulting  value  of  D  for  the 
second  group  would  have  been  identical  with  that  derived  alK>ve^  while 
that  for  the  first  group  would  have  differed  from  the  value  adopted  by 
only  4**. 

The  direct  observations  for  personal  equation  referred  to  in  section 
4,  and  published  in  the  number  of  the  American  Journal  of  Science  just 
cited,  were  made  on  July  30,  31,  August  3,  4, 1891.  They  give  2-4'*  for 
the  value  of  (S^  —  TFb)  or  (8\,  —  W^),  supposing  these  to  be  equal,  and 
4'8''  for  the  quantity  corresponding  to  t?'. 

It  appears,  then,  that  the  relative  personal  equation  of  the  observers 
would  have  been  an  Jippreciable  source  of  error  in  this  work  had  not 
care  been  taken  to  eliminate  its  effect. 

Finally,  attention  may  be  called  to  the  indication  of  systematic  error, 
due  to  the  direction  of  measurement,  furnished  by  the  measures  of 
October  2  and  6,  1891.    Keferring  to  Table  I,  it  is  seen  that  on 

mm. 
Oct.  2,      D  =  207^,7  +  39-357  for  direction  W.  to  B. 

i)  =  20i^n  +  39'4()0  for  direction  E.   to  W. 
Oct.  6,      J)  =  207?n  +  39'39()  for  direction  W.  to  B. 

D  =  207>*,7  +  39-480  for  directicm  E.   to  W. 

It  thus  appears  that  the  measuie  from  E.  to  W.  exceeded  that  from  W. 
to  B.  on  October  2  by  0-043'"»»  and  on  October  (>  by  0-084"'»",  and  in  the 
mean  by  0-064"'*".  This  amounts  to  l-G**  per  bar  length  relatively  to 
the  mean  of  a  forward  and  backward  measure. 

Taken  by  itself  this  evidence  would  not  appear  to  justify  the  assump- 
tion of  the  existence  of  such  systematic  error;  but  since  a  similar 
discrepancy  is  shown  by  the  measures  of  the  kilonietre  (as  explained  in 
sections  9  and  10  below),  it  is  important  to  note  that  the  circumstances 
attending  the  comparator  measures  of  Octob<»r  2  and  t>  were  closely 
comparable  with  those  attending  the  last  set  of  measures  of  the  kilo- 
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metre.  The  extent  of  the  error  in  the  latter  inesMureH  is  somewhat  less 
than  that  just  indicated,  but  there  seems  to  be  little  doubt  of  its  real- 
ity. A  probable  exphmation  of  the  source  of  this  error  iu  the  kilometre 
measures  and  in  the  comparator  measures  of  October  2  and  6  is  given 
in  section  10  below,  but  some  doubt  is  entertiiined  as  to  \t%  application 
to  all  the  comparator  measures.  If  the  explanation  referred  to  is  cor- 
rect and  applicable  to  the  comparator  me^isures,  the  computed  values 
of  T)  may  need  a  correction  of  about  0'03'""' ;  but  since  we  can  not  estab- 
lish the  validity  or  magnitude  of  such  correction,  the  only  way  to  allow 
for  it  is  to  increase  the  assigned  probable  errors  of  the  values  of  1). 
This  will  be  done  in  the  following  section. 

(7)  Adopted  lengths  for  the  100^^  comparator. — Since  we  have  assumed 
that  the  length  of  the  100"*  comparator  changed  during  the  period 
which  elapsed  between  the  two  groups  of  determinations,  it  is  proi>er 
to  assign  an  epoch  to  each  derived  length  given  in  section  5.  If  wo 
attribute  weights  to  the  several  dat^s  of  observation  proportional  to 
the  number  of  measures  made  on  each,  these  epo<'hs  ivre  August  3  ami 
October  2, 1891.    The  derive-d  lengths  and  their  epochs  are  then 

mm,        mm. 
D  =  20^17  +  39-518  i  0-010  for  August  3, 1891. 
i>=  20^n  +  39-373  dL  0-019  for  October  2, 1891. 

The  probable  errors  attached  \o  these  values  do  not  include  the 
probable  error  of  By,.  The  latter  error  for  A-end  right,  as  given  in 
section  23,  Chapter  II,  is  ±  1-3".  To  allow  for  the  possible  source  of 
error  mentioned  at  the  close  of  the  preceding  section,  it  is  considered 
sufficient  to  increase  the  average  of  the  ])robable  errors  in  the  above 
equations,  or  ±  0.015"*",  by  one-third  its  amount.  This  will  make  the 
probable  error  dependent  on  errors  of  measurement  ±  0-020"""  for  each 
value  of  I>.  Combining  this  with  ±1*3'*  x  20,  we  have  ±  0-03;^»"»  as  the 
probable  error  of  either  value  of  D  when  expressed  in  terms  of  the 
International  Metro.  This  is  equivalent  to  the  1  /3  000  000th  part  of  the 
lonjjth  of  the  comparalor. 

The  values  w(»  adopt,  then,  for  the  length  of  the  comparator  in  terms 
of  the  International  Metre,  are 

mm.        mm, 
J)  =  20  7^„  +  39-518  -t  0-033  for  August  3,  1891, 
J)  =  20  B,,  +  39-373  db  0-033  for  (.  ctober  2, 1891. 

/^,-  =  5"'-18-0''. 

(8)  KcsnltH  of  invaauntM  of  standard  kilometre. — The  method  followed 
ill  making  the  measures  of  the  kilometre  of  Holton  Base  has  been  briefly 
oxplain«'<l  iu  section  10  of  Chapter  T.  The  specimen  record  given  in 
stM'tioii  11  of  the  same  chapter  servos  in  all  essential  n^spects  t^)  show 
ho^-  the  records  of  the  kilometre  measuies  were  kept.  In  the  latter 
work,  ho\vovi»r,  grades  were  determined  by  means  of  the  sector  attached 

S.  Ex.  'M^'Jiy 
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U)  the  Y>trou^h,  iuid  the  dclWrt  of  ali|rninent,  instead  of  being  made 
zero  for  each  bar  leup^th,  was  measured  with  a  nnllimetre  scale* 

Til  all  measures  of  the  kilometre  Hections  the  observers  exchaDged 
positions  to  felimind.te  i)ersonal  equation,  so  that  we  have  here  to  con- 
sider results  of  the  form  />  =  *(/>,  +  A)  only,  instead  of  the  separate 
quantities  Di  and  i>2,  as  in  the  case  of  the  first  ijrroup  of  the  conciparator 
measures. 

Throughout  these  kilometre  measures  the  A  end  of  JB,7  was  right  as 
in  the  comparator  measures. 

The  kilometre  lies  in  a  north  and  south  direction,  nearly,  and  the 
direction  of  measurement  will  be  designated  as  N.  to  S.  (north  to  south) 
or  S.  to  N.,  as  the  case  may  be.  The  direction  N.  to  S.  corresponds  to 
the  direction  left  to  right  of  our  adopted  convention  and  to  W.  to  >1 
(west  to  east)  in  the  designation  of  the  direction  of  the  measures  of  the 
10()*°  comparator. 

As  ex])lained  in  section  3,  the  kilometre  was  divided  into  four  nearly 
eriual  sections  by  intermediate  marking  stones  set  a  few  days  before 
the  first  measure  was  begun.  Subseciuently  it  was  thought  desirable 
to  have  a  section  100™  long  at  the  north  end  of  the  kilometre  measured 
with  the  iced  bar,  for  the  purpose  of  studying  the  behavior  of  the  bars 
of  the  secondary  apparatus.  Accordingly,  a  section  stone  was  set  on 
September  10,  1891, 100"'  south  of  the  north  end  of  the  kilometre. 

The  first  set  of  measures  of  the  kilometre  began  on  September  9, 1891. 
Starting  at  the  north  end  of  the  kilometre  on  the  afternoon  of  thisdate^ 
it  Avas  thought  best  to  measure  the  first  section  for  i>ractice  only,  since 
the  men  were  nearly  all  unaccustomed  to  the  work,  and  since  the  port- 
able tracks  and  some  minor  parts  of  the  apparatus  were  then  used  for 
the  first  time.  Owing  to  some  delays  but  150"'  were  measured  before 
nightfall,  when  the  four  microscopes  were  left  in  place  on  their  posts 
to  mark  the  terminus  of  the  day's  measure.  The  work  was  continued 
to  the  end  of  the  section  on  thc^  following  date.  The  result  of  this  trial 
measure  is  not  included  in  the  ad<)pt<Ml  results  given  below,  though  it 
is  given  in  a  footnote  to  Table  11  following.  Although  obtained  under 
the  unfavorable  conditions  stated,  it  does  not  differ  materially  from 
the  results  for  the  same  section  obtained  a  few  days  later. 

In  all  the  kilometre  m(*asnres  the  obserA  ers  on  the  bar  were  J.  S.  Sie- 
beit  and  K.  S.Woodward.  Siebert  in  all  cases  adjusted  the  microscope 
at  the  front  end  of  the  bar,  while  Woodward  held  the  trough  and  bar 
by  means  of  the  lever,  as  explained  fully  in  section  10  of  Chapter  I. 
Tlie  gia<le-sector  readings  and  the  alignment  measures  were  observed 
by  John  F.  Haylord.  The  record  was  kept  by  Robert  Penington, 
except  for  the  last  day's  work,  September  30,  when  Mr.  Hayford  per- 
formed this  task  in  addition  to  his  work  of  observation. 

The  computations  entailed  by  the  work  were  made  by  Siebert,  Hay- 
ford,  and  W'oodward  in  the  field,  and  <'arel"ully  revised  at  the  office  by 
Siebert  and  W^oodward. 
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Table  II  following  gives  the  results  of  all  the  measures  of  the  kilo- 
metre sections  except  that  of  the  trial  measure  alluded  to  above.  Since 
the  several  corrections  resulting  from  these  measures  are  large  rela- 
tively to  those  of  the  measures  of  the  100"»  comparator,  it  is  considered 
desirable  to  give  them  in  full  detail.  The  first  column  gives  the  date 
of  the  measure.  The  second  column  designates  the  section  measured  as 
well  as  its  length,  0°»-100™,  for  example,  denoting  the  section  between 
the  north  terminal  sphere  of  the  kilometre  and  the  next  sphere  south. 
The  third  column  gives  the  direction  in  which  the  measure  proceeded. 
The  following  four  columns  give  in  succession  the  micrometer,  grade, 
alignment^  and  cut-off  corrections.  The  last  column  gives  the  sum  of 
these  corrections,  or  the  excess  ofthe  length  of  the  section  over  a  round 
number  of  bar  lengths,  which  number  is  20,  30,  or  50,  according  as  the 
section  is  100"»,  150™,  or  250«»  long. 

Table  II. — Data  for  lengths  of  sectiom  of  standard  kilometre,* 


1 

Date. 

Section. 

Direction  of 
measure. 

Microm- 
etre cor- 
rection. 

Grade 
correction. 

Alignment 
cor- 
rection. 

Cut-off  cor- 
rection. 

Sum  of 
corrections. 

189I. 

m      m 

mm 

mm 

mm 

mm 

mm. 

Seiit.    15 

O-IOO 

N.  to  S.    • 

—0-478 

— 0338 

—0-245 

—  4814 

-  5875 

15 

S.   to  N. 

— 0-247 

—0-328 

-0-225 

—  5-009 

—  5809 

26 

N.  to  S. 

— 0084 

—0-324 

—0-145 

—  4-914 

—  5467 

30 

S.  to  N. 

—0145 

—0-315 

-0-137 

—  5  003 

—  5-600 

15 

ICX>-250 

X.  to  S. 

—  0125 

— 0270 

— 0-292 

-{-12-909 

-f  12-222 

15 

S.  to  N. 

-\  0205 

— 0-264 

0334 

4-12-722 

+  12-329 

:         26 

N.  to  S. 

-f-o-6o7 

—0-280 

—0-222 

+  12-336 

+  12-441 

!            30 

S.  to  N. 

-f-o-876 

—0-258 

—0-352 

-|- 1 2-400 

-f  12-666 

10 

250-500 

N.  to  S. 

+o-o86 

—0-289 

—0-197 

—   5-030 

—  5  430 

15 

S.   to  N. 

-0752 

— 0-302 

—0-439 

—   3-060 

—  4*553 

26 

N.  to  S. 

— 0670 

— 0-290 

— 0-214 

—   4-321 

—  5-495 

29 

S.  to  N. 

— 0022 

—0-336 

—0-303 

—  4-940 

—  5-601 

II 

500-750 

N.  to  S. 

— 0-354 

— 0-962 

—0-472 

-h  20-864 

-f  19-076 

14 

S.  to  N. 

+  1-831 

—  I  048 

— 0-535 

.+  19-118 

-f  19-366 

28 

N.  to  S. 

— o-ioo 

— 0-950 

-0-376 

-f  21-095 

4-19-669 

-        29 

S.  to  N. 

1 

-foo79 

—0-982 

—0-350 

4-21019 

-f- 19-766 

1            II 

750-1000 

N.  to  S. 

— 0812 

-5-8^2 

— 0577 

—13-323 

—20-564 

i            '^ 

S.  to  N. 

fo-265 

-5-8(>o 

—0-461 

—'3-223 

—19-279 

28 

N.  to  S. 

— 0-960 

-5-812 

0-495 

-^14-016 

-21-283 

29 

S.  to  N. 

—0-364 

-5-889 . 

—0-391 

-14-549 

21-193 

*  The  length  of  the  section  o"'  to  250"'  derived  from  the  practice  measure  of  September 
9  and  10,  1 89 1,  was  50 'Bi7-f-6-45'""». 

(9,)  Derivation  of  the  lengths  of  the  kilometre  sections. — As  explained 
in  section  3  and  more  fully  in  section  10  below,  the  conditions  which 
obtained  during  the  time  of  the  first  two  measures  of  the  kilometre 
were  very  unfavorable  as  compared  with  those  met  during  the  time  of 
the  last  two  measures.  In  addition,  it  is  probable  that  the  section 
stones  underwent  some  small  though  appreciable  dla^\:dJ(^\s^<^\^N^  ^;:as.^ 
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ing  the  interval  wlii(»h  e1n])Red  between  tlie  two  sets  of  measures.  For 
these  reasons  and  otliers  wliicli  will  a]>pear  below,  it  is  deemed  best 
to  consider  the  two  sets  of  measnres  separately. 

Since  the  division  of  tlie  first  qnarter  section  of  the  kilometre  into 
two  parts  by  the  KM)*"  stone  did  not  materially  aftect  the  precision  of 
the  sum  of  those  parts  relatively  to  the  i)recisi()ns  of  the  other  quarter 
sections,  we  shall  in  the  first  place  derive  the  h»ngths  of  the  several 
quarter  sections,  and  consider  the  measures  of  the  100»"  section  subse- 
quently by  themselves. 

As  remarked  in  the  discussion  of  the  measures  of  the  100™  compar- 
ator in  section  6  above,  the  measures  of  the  kilometre  sections  indicate 
a  systematic  differen(»e  depending  on  the  direction  of  measurement.  It 
is  desirable,  therefore,  to  exhibit  the  results  in  such  a  way  as  to  clearly 
bring  out  this  peculiarity.  Ac<*ordingly  the  following  statement  is 
derived  from  Table  II,  the  sums  of  the  quantities  therein  being  rounded 
to  the  nearest  hundreth  of  a  millimetre : 


Table  III. — Statement  of  resulttt  of  meanurea  of  standard  kilometre. 


[Kirsl  set, . September  loto  15,  1891.  J 


No.  of 
measures. 

'                     1 
.  Diicrtion  of  Secticui  o"  to 
nicusiire.            350™. 

Sertinn  a.io* 
mm. 

Serfir>n  •joo'^ 
to  750"'. 

Section  750*" 
to  1,000'". 

mm. 

1 

o"-i,ooo". 

1 
1 

mm. 

mm. 

i 

mm.  \ 

I 

N.  to  S. 

-1-6-35 

—5-43 

-I1908 

—  20'^t^ 

—0-56  1 

2 

S.  to  N. 

+6-52 

-4-55 

+  19-37 

-    19  28 

-j-206  i 

1 

I — 2 



—017 

[SccMinl  sc 

-0-8S 
I,  September 

—  029 

26  to  3'->,  i8i)t.' 

-     I-2S 

1 
^-2-62 

N.  to  S. 

-:.r>-(,7 

1 

—5-50 

-|-I9'<'>7     : 

2I-2S 

— 014 

4 

S.  to  N. 

-i-7-«7 

—500 

1 

+  iO-7'>  ! 

2110 

+004 

3-4 

O-IO    i 

1 
1 

-f-o-io  1 

1 

—  000  , 

1 

-      009 

— o-i8 

It  is  se(»u  that  in  seven  out  of  tlie  ei^ht  independent  eases  ])resented 
in  this  statement,  the  measure  made  from  north  to  south  was  less  than 
that  made  in  the  reverse  direction;  and  it  a])pears  worth  while  to  give 
an  idea  of  the  extent  of  this  discrepancy  before  adducing  what  appears 
to  be  its  cause.  To  this  end,  let  H\,  s>,  s.,  Si  denot<»  the  most  probable 
values  of  the  excesses  of  the  measured  lengths  of  the  several  sections 
over  fift}'  bar  lengths,  on  the  assumption  that  the  mean  of  a  forward 
and  backward  measure  of  a  section  is  fre(^  from  systematic  error;  and 
let  J?  denote  the  most  i)robal)le  value  of  the  systematic  error  on  the 
sup])Ositions  that  it  is  prop^utional  to  tin*  distance  measured  and  that 
it  changes  sign  with  the  diiection  of  measurment.    Then  a  pair  of 
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measures  of  a  section  will  give  a  pair  of  observation  equations  of  the 
form 

«  +  07  —  Wl  =  Vij 

8  +  X  —  Hi  =  v-i ; 

and  each  set  of  measures  of  the  sections  of  the  kilometre  will  give 
eight  equations  of  this  type  containing  five  unknowns,  namely,  «i,  «3,  «3,  «<, 
and  .r.  On  the  other  hand,  we  may  entertjiin  the  simpler  assumption 
that  no  systematic  error  is  eliminated  in  the  mean  of  a  forward  and 
backward  measure;  in  which  case  the  quantity  x  will  disappear  from 
tlie  above  observation  equations,  but  the  values  of  the  quantities  8  will 
])e  the  same  as  before.  The  validity  of  the  quantity  x  will  therefore 
depend,  so  far  as  the  purely  observational  evidence  goes,  on  the  effect 
its  use  has  in  diminishing  the  residuals  which  result  from  the  simpler 
supposition  of  no  systematic  error.  In  order  to  compare  the  two  sys- 
tems of  residuals  we  shall  give  those  resulting  from  the  suppression 
of  0?  alongside  and  to  the  right  of  those  resulting  from  the  use  of  x  in 
the  observation  equations  below. 

lieferring,  then,  to  Table  III,  the  first  set  of  measures  of  the  sections 
gives  the  following  system  of  equations: 

mm.  mm,  mm, 

^.,  _  u-  _.  G;?r)  =  -  0-24,  +  0-09, 

s^  +  u'  ^  0-52  =  +  0-2."),  —  O-OS, 

^,  _  ,r  4-  rr43  =  +  0-11,  +  0-44, 

jv,  ^  ,r  4-  4-55  =  -  O-Il,  -  0-44, 

s,  -  X  -  10-OS  =  -  0-19,  -h  0-14, 

ii^  -f.  a-  -  n>:57  =  +  0-18,  —  O-lf), 

/c,  -  a -f  lm-.")()  =  f  o-;n,   +  (>-«4, 

s^  +  jr.  ^  19-28  =  _  0-;jl,    —  0-04. 

These  give 

mm,  mm, 

«,  =  -f    (;-44,         s.  =  -    4-99, 
s,z=  +  19-22,         ^4  =  -  10-i>2, 

mm, 
X  =  +  0-:53, 

together  with  the  residuals  in  the  secrond  members  of  the  observation 
equations. 

The  sum  of  the  squares  of  the  residuals  4n  the  above  system  wherein 
X  is  used  is  0-4050.  Hence  the  probable  error  of  one  equation  is 
±  0-25'"'",  that  of  either  value  of  «  is  ±  O-IS*"™,  and  that  of  a?,  ±  0-09""". 

The  sum  of  the  squares  of  the  residuals  resulting  from  the  suppres- 
sion of  0?  is  1-2G3.  The  probable  error  of  a  single  equation  is  ±  O-SS"*'", 
and  that  of  either  value  of  «,  ±  0*27'""'. 
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The  corresponding  data  of  the  sewmd  set  of  measures  give  the  follow- 
iug  system  of  equations  and  values: 

mm.  mm.       mm. 

«,  -  jc  _    c-07  =  +  0-0;j,    +  0-05, 

s^  ^  X  -    707  =  -  0-03,    -  005, 

«2  -  ^  +    5-50  =  —  0-07,    —  0-05, 

^.,  +  ,r  -h    5-00  =  +  0-07,    +  005, 

s,,  -  J!  -  J9G7  =  +  0-0:5,    +  OO."), 

ft,  ^  jc  -,  l9-7(>  =  —  0-02,     -  0-04, 

8^^  X  +  21-28  =  +  0-02,    +  0  04, 

S^  +  X  +  2110  =  -  0-03,     —  0'05, 

mm.  mm. 

«i  =  +    7*02,        «2  =  —    ^'.M, 

«3  =  +  ll)-72,        «4  =  -  21-24, 

mm. 
X  =  +  0-02. 

The  sum  of  the  squares  of  the  residuals  in  the  system  involving  x  is 
0*0142.  Hence  the  probable  error  of  one  equation  is  ±  0*046*"*",  that 
of  either  «  is  ±  0-0;33""",  and  that  of  ^r  is  i  O-OIO'""'.  Suppressing  a?,  the 
sum  of  the  squares  of  the  residuals  is  0'0182,  the  probable  error  of  one 
e<iuation  is  -i:  0-045"*"'  and  the  probable  error  of  either  «  is  ±  0*032"™. 

(10)  Discu^ftton  of  results  of  kilometre  measures. — Judging  from  the 
numerical  evidence  as  presented  in  the  preceding  section  it  would 
appear  that  there  was  an  aetive  cause  of  systematic  error  during  the 
time  of  the  lirst  pair  of  measures  of  the  kilometre,  and  that  this  cause, 
though  present,  produced  very  small  efl'ects  during  the  time  of  the 
second  pair  of  measures.  As  already  stated  in  section  3,  the  ground 
along  the  kilometre*  at  the  time  of  the  first  two  measures  was  very  wet 
and  in  some  places  inundated,  and  in  view  of  the  differences  in  magni- 
tude of  the  discrepancies  (1  —  2)  shown  in  Table  III,  for  the  several 
sections,  it  is  important  to  consider  a  number  of  circumstances  which 
were  present  during  the  time  of  the  first  pair  of  measures  but  absent 
during  the  time  of  the  second  i)air. 

Those  portions  of  the  kilometre  whereon  the  stability  of  the  micro- 
scopes was  least,  fell  in  the  sections  250'"  to  oOO"'  and  750"  to  1,000'". 
Along  about  150'"  of  the  first  of  these  the  ground  was  more  or  less 
under  water  and  very  elastic,  so  that  when  a  length  of  the  x>ortable 
track  was  carried  forward  considerable  vibrations  were  transmitted 
Through  the  soil  to  the  micros(;ope  posts.  Along  the  other  section  the 
ground  was  in  general  much  drier,  and  hence  the  ])osts  were  in  gen- 
eral much  stabler.  But  near  the  middle  of  the  section  was  a  low  stretch 
of  about  50'"  where  the  ground  was  wet,  and  where  the  posts  were  set 
to  a  less  depth  than  elsewhere  in  order  t^)  avoid  steep  gradients;  so 
that  the  microscopes  had  here  much  less  than  the  average  stability. 
On  recurring  to  Table  III  it  is  seen  that  tlie  differences  (1  —  2)  for 
these  sections  are  much  larger  than  those  for  the  other  sections,  and  it 
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is  diflBcult  to  avoid  the  inference  that  the  lack  of  average  stability  of 
the  microscope  posts  on  these  sections  gave  rise  in  some  way  to  the  error 
in  question.    A  way  which  naturally  suggests  itself  is  the  following: 

Consider  a  measure  of  the  kilometre  proceeding  from  north  to  south. 
It  was  the  habit  of  the  microscope  porter  to  stand  on  the  south  side  of 
the  microscoi)e  posts  when  clamping  the  microscopes  to  them,  lie 
thus  turned  the  clamp  screw  which  fell  on  the  east  side  of  any  post 
with  his  right  hand.  If  in  this  operation  he  habitually  pushed  the 
posts  towards  the  north,  they  would  not  speedily  recover  their  normal 
positions  when  set  in  wet  or  viscous  soil.  Any  Jarring  about  them, 
however,  would  tend  to  hasten  the  recovery  of  their  normal  positions. 
Such  jarring  was  always  caused  by  the  movemonts  of  the  operatives 
with  the  heavy  car  tracks  and  by  the  rolling  of  the  cars  along  the 
tracks.  Under  these  conditions  each  microscope  would  undergo  more 
or  less  displacement  towards  the  south  after  it  was  used  at  the  front 
end  of  the  bar  and  before  it  was  used  at  the  rear  end.  This  would  make 
the  measured  value  of  the  distance  too  small.  On  the  other  hand, 
when  the  measure  proceeded  in  the  opposite  direction,  the  porter  stood 
on  the  same  side  of  the  posts  as  before  stated  in  fastening  the  micro- 
scopes, and  hence  their  displacements  would  still  be  towards  the  south. 
The  measured  value  of  the  distance  would  thus  be,  in  this  case,  too 
great. 

This  hypothesis  explains  all  the  discrepancies  between  the  forward 
and  backward  measures  of  the  kilometi'e  as  well  as  those  of  the  com- 
parator measures  of  October  2  and  6,  to  which  attention  is  called  in 
section  6  above;  for  in  the  measures  of  the  comparator  on  the  two 
latter  dates  the  porter  who  moved  and  clamped  the  microscopes  was 
the  one  who  handled  them  in  all  the  kilometre  meaaures,  and  it  is 
practically  certain  that  whatever  habit  he  followed  in  the  latter  work  ^ 
was  adhered  to  in  tlie  former.* 

In  the  light  of  this  hypothesis  the  larger  values  of  the  discrepan- 
cies developed  in  the  measures  of  the  kilometre  sections  on  wet  and 
plastic  ground,  and  the  practical  disappearance  of  such  discrepancies 
in  the  second  set  of  measures  made  when  tlie  ground  was  dry  and  the 
microscopes  very  stable,  are  easily  understood. 

in  view  of  all  the  evidence,  the  explanation  just  given  is  regarded 
as  the  most  plausible  one  assignable  for  the  systematic  error  in  ques- 
tion. But  there  are  some  other  circumstances  affecting  the  first  two 
measures  of  tlie  south  half  of  the  kilometre  which  are  worthy  of  men- 
tion. In  the  first  measure  of  the  section  500™  to  750™  one  stop  was 
made* and  the  measure  transferred  for  a  half  hour  to  a  cut-oflf  plate, 
while  some  posts  which  had  been  slightly  misplaced  were  put  in  x)roper 
position.    In  the  first  measure  of  the  section  750™  to  1,000™  a  stop  was 

*  Daring  the  earlier  measares  of  the  comparator  the  microscopes  were  haudled  hy 
another  porter  whose  habit,  unfortunately,  was  not  observed. 
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made  by  reason  of  a  shower  of  rain.  This  delay  broug^ht  us  to  the 
end  of  the  section  afU»r  uiglitfall,  and  a  still  further  delay  wjis  caused 
at  that  end  by  a  mahu\jiistineDt  of  the  terminal  microscope  post  with 
reference  to  the  cut  off  sphere.  Lamps  for  illuminatin<;  the  micro- 
scopes were  at  hand,  so  that  no  difficulty  on  this  scoie  result^Hi,  but 
during  the  delay  in  the  last  instance  dependence  had  to  be  placed  on 
the  stability  of  the  microscope's.  Although  greiit  care  was  taken  in 
all  these  cases  to  avoid  the  introduction  of  error,  the  opportiinitieii  for 
its  occurrence  were,  of  course,  greater  than  when  no  delay  took  place. 
During  the  reverse  or  second  measure  of  this  section  the  rear  micro- 
scope was  set  forward  or  backward  live  times  by  means  of  its  slide 
rest  in  order  to  bring  the  forward  microscope  within  reach  of  the  end 
of  the  bar.  This  metlK>d  of  shifting  the  microscopes  was  also  resort^'d 
to  three  times  during  the  second  measnre  of  the  section  .'500"  to  750™.* 
These  disphicemeuts  were  measured  with  a  millimetre  scale,  and  it  is 
possible,  though  I  deem  it  very  improbable,  that  some  formidable  error 
was  introduced  thereby.  Finally,  a  fear  was  entertained  that  some 
displacement  of  the  cut-off  sphere  at  the  750'"  stone  took  place  during 
the  interval  of  two  days  which  elapsed  between  the  first  two  measures 
of  the  south  half  of  the  kilometre.  The  basis  of  this  fear  lay  in  the 
fact  that  by  accident  or  design  on  the  part  of  some  one  unconnected 
with  the  work  a  heavy  block  of  wood  used  as  a  cover  to  the  stone  was 
allowed  to  fall  on  the  cap  of  the  cut  off  sphere.  The  caj)  was  thus 
driven  on  the  sphere  so  tightly  that  considerable  force  was  requisite 
to  remove  it;  and  it  is  possible,  though  not  very  i)robable,  that  this 
double  disturbance  produced  some  displacement. 

With  regard  to  the  circumstances  attending  the  second  pair  of 
measures  of  the  kilometre,  it  should  be  said  that  they  were  in  nearly 
every  way  more  favorable  than  those  attending  the  first  pair.  The 
ground  along  the  line  had  become  dry  and  firm;  the  intermediate  sec- 
tion stones  had  had  time  to  settle  and  to  become  hard ;  all  of  the  diffi- 
(*iilties  in  the  use  of  the  apparatus  had  become  familiar  to  the  observ- 
ers, and  the  measurements  i)roceeded  without  a  single  unexpected 
sto})  or  delay.  During  the  course  of  these  measures  several  tests  were 
niatle  of  the  stability  of  the  mi(;roscoi>e  posts  as  affected  by  the  near- 
ness of  the  operatives  to  them.  It  was  fimnd  that  no  appreciable  mo- 
tion of  the  microscopes  occurred  unless  the  oj)eratives  approached 
much  closer  to  the  ])Osts  than  was  permitted  in  the  actual  work.  In  a 
trial  made  on  one  of  the  least  stable  portions  of  the  line,  the  presence 
of  five  men  alongside  the  Y-tnmgh  produced  iio  displacements  of  the 
microscopes  at  the  ends  of  the  bar  so  hmg  as  the  man  nearest  to  a  post 


'  In  no  other  cases  was  tliis  questionable  motliod  of  shifting  the  niicroscopea  re- 
sorted to.  It  should  be  said.  In  fart,  that  the  experieuee  gained  during  the  first 
two  uiejisures  of  the  kilometre  enabled  us  to  avoid  not  only  this  difficulty,  bat 
other  difficulties  wliieh.  while  they  may  not  have  vitiattd  the  work  perceptibly^ 
caused  more  or  less  d«day  and  v<*\ation. 
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was  distant  two  decimetres.  It  is  beJieved,  tlien,  that  the  microscoi>e 
posts  were  very  stable  duriug  these  measui^es,  although  it  appears  not 
improbable  that  they  underwent  slight  displacements  due  to  the  pres- 
sure applied  iu  clamping  the  microscopes  to  them; 

It  remains  to  consider  briefly  the  question  whether  we  can  safely 
assume  that  the  terminal  and  section  marks  of  the  kilometre  main- 
tained constant  relative  positions.  Assuming  that  the  systematic 
error  is  well  eliminated  in  the  mean  of  a  forward  and  backward  meas- 
ure, an  idea  of  the  stability  of  the  end  and  section  marks  may  be 
gained  from  Table  III  by  computing  the  dift'erences  between  the  mean 
lengths  of  the  several  sections  resulting  from  the  first  i)air  and  second 
pair  of  measures.    Thus  we  have: 

Mean  of  first  pair  minus  mean  of  second  pair  of  measures  for — 


w. 

m. 

mm. 

Section 

Oto 

250, 

ssz 

-0-58 

250 

600, 

z=z 

+  0-56, 

500 

750, 

— 

—  0-50, 

750 

1000, 

=^ 

-h  1-32. 

These  figures  indicate  considerable  movements  of  the  marking  stones; 
and  it  seems  not  improbable  that  movements  of  such  magnitude  did 
actually  occur,  since  the  stones  rose  to  the  surface  of  the  ground  and 
the  moisture  in  the  ground  varied  from  the  extreme  of  saturation  to 
the  extreme  of  dryness  during  the  interval  of  fifteen  days  which  elapsed 
between  the  two  sets  of  measures.  It  will  be  seen  also,  from  these  fig- 
ures, that  a  movement  towards  the  south  of  0'5"'»"  of  the  first  section 
stone  would  account  for  the  discrepancies  presented  by  the  measures  of 
the  first  two  sections.  This  stone,  set  originally  in  ground  saturated 
with  water,  is  perhaps  more  likely  to  have  moved  than  the  other  two. 
Similarly,  it  is  inferred  that  the  stone  at  750'"  is  more  likely  to  have 
moved  than  those  adjacent  to  it,  although  its  movement  alone  would 
leave  appreciable  outstanding  discrepancies. 

Additional  evidence  of  relative  motions  of  the  marking  stones  is 
att'orded  by  the  measures  of  the  100'"  section  of  the  kilometre  at  its 
north  end.  Thus  we  have  from  Table  II  the  following  values  for  the 
measured  excesses  of  that  section  over  twenty  bar  lengths: 

mm, 
Sept.  15,  1891,  N.  to  S.,  excess  =  —  5-88, 
Sept.  15,  1891,  S.  to  N.,  excess  =  -  5-81, 

Mean  excess  =  —  CrS^. 

Sept.  26,  1891,  N.  to  S.,  excess  =  -  5-47, 
Sept.  30,  1891,  S.  to  N.,  excess  =  —  5-00, 

Mean  excess  =  —  5*53. 

Mean  of  first  pair  of  measures  minus  mean  of  second  pair  =  —  0*28  '""> 
This  result,  so  far  as  it  goes,  agrees  with  the  first  of  those  given  above 
in  indicating  a  movement  of  the  terminal  stone  lowai'ds  the  north. 
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From  the  evidence  just  submitted,  together  with  that  furnished  by 
the  measures  of  the  100'°  comparator,  and  from  an  intimate  knowledge 
of  the  conditions  attending  the  work,  it  is  impossible  to  doubt  that  we 
were  dealing  to  a  quite  appreciable  extent  with  actual  movements  of 
the  marking  stones.  For  this  reason  it  would  seem  essential  to  the 
highest  precision  in  measures  with  the  iced-bar  apparatus  to  place  the 
marking  stones  well  under  ground  and  to  give  them  plenty  of  time  for 
settlement  before  using  them. 

(11)  Probable  errors  of  the  Mlometre  measures. — From  the  data  and 
discussion  given  in  the  preceding  sections,  it  appears  that  the  errors 
affecting  the  kilometre  measures  as  expressed  in  terms  of  B^^  are  of 
three  kinds,  namely:  First,  error  of  operation  of  the  accidental  class; 
second,  error  of  operation  of  the  systematic  class;  and  third,  error  aris- 
ing from  motions  of  the  marking  stones,  wliich  latter  may  be  assumed 
to  be  of  the  accidental  sort. 

In  the  case  of  tlie  first  two  measures  of  the  kilometre  it  would  seem 
that  the  systematic  error  surpassed  by  far  the  resultant  of  the  other 
two.  In  the  case  of  the  la«t  two  measures  tlie  systematic  error,  though 
probably  still  the  controlling  one,  was  very  small  and  to  some  extent 
concealed  by  the  resultant  of  the  other  two.  It  would  seem  quite  safe 
then  to  deduce  the  probable  error  due  to  the  accidejital  errors  of  opera- 
tion from  the  second  set  of  measures  on  the  supposition  that  the  two 
other  sources  of  error  were  inoperative,  since* the  vahie  thus  reached 
will  be  too  large.  No  such  limiting  value,  however,  can  be  assigned 
for  either  of  the  probable  errors  due  to  the  other  sources,  since  the 
uneliminated  portion  of  the  systematic  error  is  entangled  with  the  erro^ 
due  to  stone  movements. 

Kecurring  to  the  second  system  of  equations  and  values  given  in 
section  9,  it  is  seen  that  the  probable  error  of  a  single  measure  of  a  sec- 
tion (of  250™  length)  is  ±  O-OiS™*";  and  this  is  the  upper  limiting  value 
for  the  probable  error  of  operation  when  the  apparatus  is  used  on  stable 
ground.  From  this  it  follows  that  the  corresponding  probable  error 
for  one  measure  of  a  kilometre  is  ±  0'09™'". 

It  is  of  interest  to  compare  this  with  the  value  doducible  from  the 
measures  of  the  100™  comparator,  where  the  conditions  were  essentially 
the  same  as  those  which  obtained  during  the  second  set  of  measures  of 
the  kilometre.  Referring  to  section  5,  we  have  i  0-036™™  and  Az  O'OCl"" 
as  the  probable  errors  of  a  single  measure  of  100™  without  exchange  of 
observers  to  eliminate  personal  equation.    Taking  the  average  of  these 

two  values,  dividing  it  by  >/2  to  allow  for  exchange  of  observers,  and 

multiplying  the  quotient  by  >/iO,  we  have  for  the  probable  error  of  one 
measure  of  a  kilometre,  as  inferred  from  the  comparator  work,  ±  O-ll™", 
which  agrees  well  with  the  value  just  given  above. 

It  is  clear  from  these  figures  that,  with  stable  microscopes  and  with 
stable  section  marks,  the  error  of  measurement  may  be  rendered  quite 
insignificant  in  comparison  with  that  of  the  length  of  the  measuring  bar. 
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(12)  Adopted  lengths  and  probable  errors  of  the  kilometre  sectiorts  and 
kilometre. — In  deriving  final  values  for  the  lengths  of  the  sections  and 
for  the  whole  kilometre,  we  should  deal  only  with  the  means  of  the  for- 
ward and  backward  measures,  since  iii  these  means  the  systematic 
error  is  partly,  if  not  largely,  eliminated.  The  lengths  in  question 
should  appertain  to  an  epoch  falling  nearer  to  the  epoch  of  the  second 
set  than  to  that  of  the  first  set  of  measures  of  the  kilometre,  since  it 
was  used  from  September  8  to  October  8, 1891,  as  a  standard  in  testing 
the  behavior  of  the  100"  steel  tapes  and  the  secondary  apparatus.  What- 
ever lengths  we  derive  will  be  affected  by  the  changes  which  took  x>lace  in 
the  relative  positions  of  the  marking  stones.  It  is.  beUeved  that  these 
changes  were  considerable  in  comparison  with  the  iictual  errors  of 
measurement  affecting  the  mean  results  in  either  set  of  measures.  In 
view  of  these  considerations,  it  is  deemed  best  to  assign  double  weight 
to  the  mean  results  of  the  second  set  of  measures,  and  compute  probable 
errors  for  the  weighted  mean  values  of  the  sections  accordingly. 

In  conformity  with  this  plan,  then,  the  mean  values  given  in  Table 
III,  or  in  section  9,  furnish  the  following  system  of  observation  equa- 
tions and  values,  «i,  Sz,  «:„  «4,  being,  as  in  section  9,  the  most  probable 
values  of  the  excesses  of  the  sections  over  50 J?,-: 


mm.               mm. 

WeiKlits. 

«,  -    6-44  =  +  0-39, 

1, 

Si  -    7-02  =  -    -19, 

•> 

tf2  +    4-99  =  -    -37, 

1, 

Si  +    5-55  =  +    -19, 

<> 

"9 

«a- 19-22=+    -33, 

1. 

«a- 19-72  =  -    -17, 

'■i, 

«4  + 19-92=-    -88, 

1, 

«4  + 21-24  =  +    -44, 

2. 

WW. 

mm. 

«,  =  +    6-83,     «s  =  - 

5-37, 

^3  -  +  19-55,     «4  =  -  20-80. 

The  sum  of  the  weighted  squares  of  the  residuals  in  this  system  of 
equations  is  1-76.  Hence  the  probable  error  of  one  equation  of  weight 
1  is  ±0-45"™  and  that  of  either  s  is  ±0*26"".  Thus  it  appears  that 
when  the  movements  of  the  marking  stones  are  included  with  the 
errors  of  operation,  the  probable  error  of  our  adopted  values  for  the 
quarter  sections  of  the  kilometre  amounts  to  the  millionth  part  of  their 
length. 

If  it  were  proper  to  infer  the  probable  error  of  the  whole  kilome- 
tre or  {si  +  S2-\'S'j-{-s^),  from  the  above  calculation,  we  should  find 

±0-45'»*»  X  tl  \/3  ^±  0  52™"".  But  this  is  manifestly  too  large  if  the 
measured  values  of  the  whole  length  of  the  kilometre  are  free  to  any 
extent  from  the  effects  of  the  motions  of  the  intermediate  marking 
stones.    The  mean  values  of  the  excesses  of  the  kilometre  over  200^1, 
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for  tbe  two  pairs  of  measures  aru  as  seen  from  Table  III,  section  9, 
+  0-75"""  and  —  ()'()5""".  Giviug  the  second  of  these  double  weight, 
their  weighted  mean  is  +  0-22"""  ±  0-2(>'"'".  Tlie  probable  error  is  here 
only  half  that  given  above,  and  thus  eoufirms  the  suppositiou  that  the 
values  for  the  whole  kilometre  are  not  to  any  considerable  extent 
alfect(Ml  by  the  movements  of  the  intermeduite  marking  stones. 

For  the  whole  length  of  the  kilometre  we  shall  adopt  the  value  just 
derived.    This  length  is 

20()2?,.  -h  ()-22"'"'  -1-  0-2<>'»"'. 

The  values  of  the  quarter  sections  of  the  kilometres  are  not  needed, 
but  the  halves  of  the  line  were^used  in  testing  the  secondary  apparatus. 
Deriving  the  lengths  of  these  halves  and  their  i)robable  eiTors  by  the 
method  just  ap])lied  in  getting  the  entire  line,  we  tind  the 

North  half  =  1007?,;  +  1-4C"""  ±  0-19"'»". 
South  half  =  1007i,:  -  l-2.>      =t  0-1 1>. 

It  remains  now  to  combine  the  probable  error  of  B^  w^ith  the  pi*oba- 
ble  errors  attached  to  the  sibove  values  in  order  to  get  their  total  proba- 
ble errors  when  expressed  in  metres.  The  probable  error  of  Bn  for  A 
end  right,  as  given  in  Chapter  11,  section  23,  is  ±1'3'*,  and  hence  the 
probable  errors  of  100/?,;  and  200 7^,-  are  ±0-13"""  and  ±0-26'"™,  respect- 
ively. Finally,  therefore,  we  have  for  the  lengths  of  the  kilometi*e  and 
its  halves,  when  expressed  in  terms  of  the  International  Metro, 

Whole  kilometre  =  200/?,;  +  0-22'""'  i-  0-37'""', 
North  half  =  1007?,;  +  l-4(;      ±  0-23, 
South  half  =  1007?,;  -  l-2r>      ±  0-23, 

i?,;  =  5"'-18-0'*. 

(13)  Adiypted  lengthn  and  probable  error  of  100'^'  section. — The  100" 
.lection  at  the  north  end  of  the  kilometre  was  used  in  some  experiments 
with  the  secondary  bars,  and  it  is  imijortant  to  adopt  some  lengths  for 
it.  Since  the  dates  of  use  of  this  section  did  not  correspond  with  the 
dates  of  its  measurement  with  the  iced  bar,  it  seems  best  to  adopt  a 
mean  length  from  eiich  set  of  measures.  Then  for  any  date  of  use  of 
the  section  a  value  for  its  length  may  be  interpolatiHl,  assuming  that 
the  relative  positions  of  the  marking  stones  changed  proportionally 
witli  the  time.     Thus  we  have  from  Table  11,  section  8, 

Mean  length  100'"  section — 

September  15,  1801,  =  207?,;  -r)-84"""  ±  0-01'"™, 
September  28,  1801,  =  207?,;  -  5v')3       L  0-04. 

Introducing  the  probable  error  of  7?,;  we  have  iiually,  for  the  lengths 
of  this  section  when  expressed  in  metres 

September  15,  1891,  100'"  section  =  20/?,;  -  5-Sl"""  ±  0-05'»", 
September  15, 1801, 100'"  se<?tion  =  207?,;  -  5-53      ±  0-05, 

i>\,  =  5"' -  18-(r. 
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CHAPTER  IV. 

TiiK  Metallic  Tape  1*>ase  Apparatus. 

A. — DESCRIPTION  OF  APPARATIS  AND  ITS  USE. 

(1^  HiMorical  note. — The  investigation  of  tbe  practicability  of  using 
long  metallic  tapes  for  measuring  lines  of  precision  was  taken  up  by 
the  Coast  and  (loodetic  Survey  in  the  autumn  of  1890.  This  work  was 
assigned  to  the  writer,  who  devised  tlie  apparatus  and  methods  described 
herein. 

During  the  winter  of  1890  and  1891  a  great  number  of  experiments 
were  made  with  a  view  to  determine  the  best  method  of  stretching  and 
aligning  a  tape,  and  especially  witli  a  view  to  discovering  tlie  most 
eftective  way  of  getting  the  tape's  temperature.  For  this  purpose  a 
100"'  comparator  was  setup  in  tlie  Botanical  Garden  at  Washington, 
I).  O.  This  comparator  consist^id  simply  of  a  series  of  equidistaiUt 
sta^kes,  10'"  apart,  bearing  support  nails  for  the  tape,  and  a  post  at 
either  end,  on  which  were  attached  scales  for  defining  the  tape's  posi- 
tion at  any  time.  In  addition,  a  large  number  of  laboratory  experi- 
ments were  made  with  various  thermometers  to  determine  their  sen- 
sitivities under  dilfering  conditions.  This  preliminary  work  served  to 
lix  att^intion  on  most  of  the  points  essential  to  the  use  of  tapes  in  pre- 
cise work. 

During  the  spring  of  1891  the  apparatus  as  herein  described  was 
constructed  by  D.  Ballauf  of  Wiishington,  D.  0.,  and  by  the  Instrument 
Division  of  the  Survey,  and  in  July  following,  the  apparatus  was  taken 
to  Ilolton  Base,  where  the  long  tapes  were  standardized  on  the  100»" 
coniparutor  described  in  section  2  of  Chapter  III.  The  tapes  were  in 
turn  used  to  measure  Tlolton  Base  during  the  same  summer.  The  five 
sections  of  this  base  (of  5  oOO"')  were  measured  from  six  to  thirty  times 
(^ach  under  vjirious  circumstances  as  to  temperature,  time  of  day,  etc., 
and  the  behavior  of  the  tapes  was  well  shown  by  the  measures  of  the 
kilometre  sectimi  whi4h  was  standardized  by  means  of  the  iced  bar 
apparatus  as  explaine<l  in  Chapter  III.  In  the  following  year,  namely, 
October,  1892,  another  base  (of  3  900"')  at  St.  Albans,  W.  Va.,  was 
measured. 

Mercurial  thermometers  were  used  in  all  these  meas^ures  to  determine 
the  t^^uiperature  of  the  tape.  An  attempt  was  made  in  1891  to  use  a 
bron/j*  tape  in  connection  with  the  steel  ones  for  tempei'ature  indica- 
tions, but  tJM'  bronze  1a|M*  was  found  to  have  too  low  a  rate  of  expan- 
sion lor  successful  comiw^tilion  with  mercurial   thernionfeters.     Tte^ 


414 


U.  8.  COAST  AND  GEODETIC  SURVEY. 


feasibility  of  strct(.*hing  two  tapes  simultaneously  was  demonstrated, 
however,  and  if  a  suitable  metal  for  use  with  steel  eau  be  found  it  may 
prove  advantaj^eous  to  discard  the  mercurial  thermomet<^rs. 

In  all  this  work,  save  that  pertiiinin^  to  St.  Albans  base,  very  eflScient 
service  was  rendered  by  Mr.  J.  S.  Siebert,  who  made  most  of  the  work- 
ing; drawings  for  the  c^nstniction  of  the  apparatus  and  who  partici- 


pat6<l  equally  in  tlir  larj^e  amount  of  observation  and  eompiitsition 
entailed. 

(2)  Thv  JOO"'  tapes.— TWsii  tapes  are  of  steel.  They  are  lOl-Ol™  long, 
and  are  O'.'U"""  by  O'iT'""'  in  eross  section.  They  weigh  22*3  grammeA 
per  metre  of  length.  They  are  subdivided  into  20*"  s^iaces  by  gradua- 
tions ruled  on  the  surface  of  the  tape  itself.  Bein^'  101-01™  long,  tbo 
end  graduations  fall  about  O*.")"*  from  the  ta])e  ends,  which  terminate  in 
loops  formed  by  annealing  and  riveting  the  tape  back  on  itself!    The 
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8urfa<*e  of  the  tape,  wberc  it  is  Jiot  polislied  to  receive  the  graduations, 
is  of  a  (lull  bJack  color.  Wlien  not  iu  use  the  tapes  are  rolled  upon 
reels,  and  they  may  be  thus  transported  with  ease  and  safety. 

(3)  The  tape  stretchers, — The  nature  of  the  tape-stretchers  used  to  give 
tension  and  alignment  to  the  tape  may  be  best  understood  by  a  glance 
at  tlie  cut  on  page  414.  They  consist  of  a  lever  hinged  by  a  universal 
joint  to  a  platform  on  which  the  operator  stands.  This  lever  is  made 
of  a  piece  of  steel  tubing  terminating  in  a  hickory  handle.  Along  the 
upper  two-thirds  of  the  tube  is  cut  a  screw  thread  on  which  a  wheel 
nut  plays  freely.  This  nut  gives  a  vertical  motion  to  a  gimbal-jointed 
support  to  which  a  spring  balance  is  attached.  The  balance  is  con- 
nectjed  with  the  tai)e  by  means  of  a  short  piece  of  sash  chain.  It  is 
evident  from  the  figure  that  the  stretcher  has  all  the  motions  necessary 
to  enable  the  operator  to  align  the  tape  and  to  give  it  the  proi)er  tension. 

The  balance,  which  is  simply  a  commercial  article  adapted  to  the 
purpose,  reads  to  ounces,  and  may  be  easily  held  to  the  nearest  ounce 
by  the  operator. 

An  important  item  for  the  safety  of  the  tape  used  is  a  breaking  link, 
or  a  link  which  will  part  under  a  tension  of  about  14  kilogrammes  or 
30  pounds.  A  link  of  this  sort  is  provided  at  each  end  of  the  tape,  so 
that  it  can  not  be  overstrained  by  accident. 

It  will  be  noticed  that  the  balance  carries  two  hooks.  The  extra 
hook,  which  is  attached  to  the  balance  frame,  was  intended  to  caiTy 
the  additional  tape  in  case  it  proved  advantageous  to  use  tapes  of  dif 
ferent  metals  simultaneously.  This  plan  of  stretching  two  tapes 
worked  very  satisfactorily,  the  tension  of  the  steel  tape  being  given, 
by  one  balance  and  that  of  the  bronze  by  the  other;  but,  for  the  rea- 
son stated  above,  this  plan  was  followed,  only  in  making  a  few  of  the 
tape  comparisons  mentioned  below.  The  extra  hook,  it  may  be  state<l, 
is  provided  with  a  longitudinal  screw  motion,  so  that  by  means  of  this 
and  the  links  of  the  connecting  chains  the  tapes  may  be  always  brought 
to  the  i)roper  tension,  whatever  their  temperature. 

When  a  single  tape  is  used,  the  rear  end  is  attached  to  the  extra 
hook  of  the  rear  end  balance,  while  the  desired  tension  is  given  by  the 
balance  at  the  front  end  of  the  tape. 

An  objection  to  this  form  of  stretcher  lies  in  its  weight,  which  is 
about  45  pounds.  Contemplated  improvements  will  lighten  it  by 
several  pounds  and  bring  the  balance  to  a  position  concentric  with  the 
lever  shaft.  Experience  has  shown,  however,  that  an  able-bodied 
o])erator  can  handle  the  stretcher  successfully  when  measuring  at  the 
rate  of  2  kilometres  per  hour.  During  the  measurement  of  St.  Albans 
bnse,  in  1S92,  8  kilometres  were  measured  on  one  occasion  between 
7:30  p.  m.  and  midnight  without  excessive  fatigue  to  the  operators. 

(4)  The  thermometers, — ^The  thermometers  used  are  of  the  Centigrade 
type  and  are  graduated  on  their  stems  to  half  degrees,    TIvk^  ^ssx56 
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made  by  (i reen,  of  Xcw  York.    They  were  originally  inoiiiited  on  bra«* 
seales.    The  preliminary  experiments  showed  that  the  ma88  of  tlieM^ 
scales  caused  the  thermometers  to  lag  very  (considerably  with  resj^e^'l 
t^  the  tape  temperature.    Hence  the  scales  were  removcnl,  and  light 
wire  loops  were  attached  to  the  iip])er  ends  of  the  stems,  so  that  the 
thermometers  c<mld  be  snsi)ended  by  a  cord  and  thus  isolated  from 
adjacent  masses  or  whirled  in  the  air  when  necessary.     Experiments 
also  showed  these  thermonn»ters  to  be  slightly  mon»  sensitive  when 
the  bulbs  were  covered   with  sheaths  of  blackened   aluminum   foil, 
though  this  increase,  if  n»al,  is  ]>robably  unimi>ortant.     Daring  the 
meiismement  of  St.  Albans  base,  in  1892,  the  aluminum  sheaths  were 
replaee<l  by  steel  sheaths,  made  by  coiling  and  annealing  very  thin 
steel  tape  into  lengths  Just  long  enough  to  sli])  over  the  balbs  and 
clasp  the  thermometer  stems.    These  are  undoubtedly  superior  to  the 
aluminum  sheaths  in  simulating  the  surface  of  the  tape,  but  they  are 
of  somewhat  greater  mass  than  the  aluminum  she4iths  and  cause  more 
lag  of  the  thermometers  with  respect  to  the  tai)e.    In  any  case,  it 
seems  desirable  to  blacken  the  bulbs  of  thermometers  used  with  steel 
tupes  presenting  a  blackcMied  surface. 

A  great  number  of  exp<M*iments,  made  in  the  Botanical  Garden  dur- 
ing the  wint(»r  of  181MM91,  showed  that  with  the  thermometei-s 
arranged  as  Just  described  (i.  e.,  with  aluminum  sheaths)  they  followed 
the  tape  temperature  without  serious  lagging  wh<^n  observations  were 
made  under  a  clear  sky  at  night. 

Subsequent  experience  in  determining  the  tape  lengths  on  the  100"" 
comparator  of  Holton  Base  showed  a  very  satisfactory  accordance  of 
the  tape  and  thermometer  temperatures,  whether  observations  were 
made  during  the  day  or  night.  This  companitor  was  covered,  however, 
ex(x»pt  on  its  north  side,  by  a  shed  which  screened  the  t»pe  fi*om  the 
direct  rays  of  the  sun. 

Sometimes  three  of  the  thermometers  were  used  with  the  tape.,  and 
at  other  times  two.  When  three  were  used,  they  were  placed  one  at 
the  middle  of  the  tape's  length*  and  one  at  one-sixth  that  length  ttom 
either  end.  When  two  were  used  they  were  generally  placed  at  que- 
fourth  the  tape's  length  from  its  ends,  respectively.  For  the  most  pre- 
cise work,  as  in  comparisons  for  determining  the  tape  lengths,  the  three 
thermometers  were  each  read  twice,  once  Just  before  and  once  just  after 
the  observations  on  the  tape.  The  mean  of  the  six  thermometer  read- 
ings thus  made  gave  the  tape's  tem])<Mature  with  a  ])robable  error  of 
about  ±  0'2"  ( •.,  ecpiivalent  to  -^uhion  P<»^'t  of  the  tape  length,  when 
observations  were  made  at  night  or  under  the  comparator  shed. 

(5)  Method  of  supporting  and  mnrldnrj  position  of  fapr, — When  in  use 
for  measuring  a  line  the  tape  is  supported  at  <'(|ual  intervals  of  10"'  or 
20'"  throughout  its  length.  The  supports  foun<l  most  ronvenicnt  and 
am])ly  sufticirnf  are  steel- win'  nails  driv<Mi  into  stakes  set  at  the  pro|>er 
intervals  along  the  line.     Thest*  nails  are  rangetl  into  a  straight  line  for 
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any  tape  length  by  nieuns  of  a  small  theodolite  whose  telescope  axis 
may  be  brought  to  the  right  height  at  one  end  of  that  tape  length. 

The  ends  of  the  tape  are  supported  by  the  tape  stretchers,  by  means 
of  which  the  tape  is  aligned  over  the  marking  stakes.  The  latter  are 
stakes  of  scantling  cut  off  or  driven  down  to  the  proper  height  and 
(tapped  with  a  small  table,  on  which  a'  plate  of  zinc  is  held  in  place  by 
light  nails.  These  tables  and  plates  are  rectimgular,  5*^"*  by  20*^",  say,  ^ 
and  the  longer  sides  are  placed  parallel  to  the  line.  On  the  plates  the 
position  of  the  forward-end  graduation  of  the  tape  is  marked  as  the 
measure  progresses  by  means  of  a  sharp  bradawl  held  against  the  edge 
of  a  small  try-square,  which  is  aligned  against  the  longer  edge  of  the 
marking  plate.  The  rearend  graduation  of  the  tape  is  in  turn  brought 
into  coincidence  with  the  successive  marks  on  the  zinc  plates.* 

(6)  Operation  of  meoHurenieni . — The  marking  and  supjxirt  stakes  for  | 
the  mesisurement  of  a  line  are  most  advantageously  ranged  out  and 
iuljusted  beforehand.  This  is  es[)ecially  essential  tor  work  of  the  highest 
precision  carried  on  at  night.  Assuming  this  to  have  been  done,  and 
that  night  work  is  contemplated,  the  operation  of  measurement,  if  car- 
ried on  rapidly,  will  require  twelve  men,  to  wit,  two  observers  of  the 
tape,  one  at  the  front  and  one  at  the  rear  end;  two  observers  of  ther- 
mometers, who  also  help  to  carry  the  tape  forward;  one  recorder;  two 
operators  of  the  stretchers;  live  men  to  handle  lamps  and  to  carry  the 
tape  forward. 

The  co-operation  of  the  observers  and  other  operatives  is  secured  by 
means  of  a  code  of  signals  made  with  whistles  held  by  the  observers. 
Thus,  when  the  observer  at  the  rear  end  of  the  tape  is  ready  to  have 
the  tension  applied,  he  gives  one  blast  of  his  whistle.  The  stretcher 
at  the  front  end  immediately  brings  his  balance  to  the  proper  reading, 
when  the  observer  at  that  end  announces  the  fact  with  one  blast  of  his 
whistle.  With  the  tape  under  tension  the  rear-end  observer  ac^usts 
the  rear-end  graduation  of  the  tape  to  coincidence  with  the  defining 
mark  on  the  zinc  plate  at  that  end.  When  this  is  accomplished  he 
gives  two  blasts  from  his  whistle.  On  hearing  these,  the  recorder, 
who  stands  at  the  middle  of  the  tiipe  length,  immediately  lifts  the  tape 
a  few  centimetres  from  the  support  nail  near  him  and  lets  it  fall  back. 
The  effect  of  this  Is  to  make  the  tape  straight  and  relieve  it  from  fric- 
tion on  the  sux)port  nails.  When  the  vibration  of  the  tape  ceases  the 
rear  observer  gives  one  blast,  which  signifies  that  the  position  of  the  , 
front  end  of  the  tape  may  be  marked  on  the  zinc  plate.  The  .mark  is  , 
made  by  the  front-end  observer^  who,  on  completing  the.  oi>eratioD> 
gives  one  blast  froni  his  whistle.  Then  the  thermometer  readings, 
which  are  observed  while  the  mark  is  made,  are  called  out  to  and 

'  TliP  uw  of  Hiich  p|ji.teH  was  iiitro<lac<'d  in  1885  by  Mr.  O.  B.  Wheeler,,  assistant 
*»Vi{;iiie»'r.  Missouri  Kivor  Commission. 
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iviiciitod  by  the  iffonli-r.  Finally,  tlie  rear  observer  i^outulit  two 
from  Ills  whistle  ami  tlie  ta)>c  ami  titiu*  Htratcliers  are  carried  (a 
to  a  now  iK>sitii)ii. 

Tlic  Hiicf^l  attained  in  this  jinHH'iiis  ban  l>uen  about  2  kilometr 
hour,  though  a  single  kihimetie  has  bevii  meaKiii'titl  iti  tveuty  mi 

By  reason  of  the  expansion  ami  contraction  of  the  tai>e,  it 
qiu'ntly  dvsirablu  to  set  the  tn|>p  baok  or  torwanl  by  a  rouud  ni 
of  centimetrCH.  This  may  be  'hiiic  on  the  zinc  plates  by  meani 
suitable  pocket  Kcale.  Kiieh  <)isj)lai-cineutHarei'ce«>rde(l  as  "set-b 
and  "wt-ups."  Their  amount  ia  engraved  on  the  plates,  wliici 
be  nppealeil  to  if  any  doubt  ariaii  roiicfining  the  recoi-d.  Wliea 
backM"  or  *-Ker'iijis"  are  nmde,  mid  when  more  than  one  measi 
r<»:orded  on  the  phites,  it  is  ad\-]intageous  to  number,  urieot,  and 
them  for  tiling  a.s  [>tirt  of  the  recoi  ds. 

B,— DKTKRMINATIOW  UK  EQUATIONS  OF  TA.PES. 

(?)  Appnrntuitfor  nlixrrrintf  lenijlh*  ofiaptH. — It  is  obviously  nece 
to  the  siicceasl'iil  use  of  long  taix^s  in  nieasaring  lines  of  precis! 
l)rovide  suitable  means  for  observtug  the  tape  lengths  at  different 
lH'ratnr<>s.  Such  data  for  any  ttii>e  give  its  length  at  »ome  assi 
tempei'atmviiiid  its  rate  of  expansiou,  and  thus  enable  us  to  wri 
equation  from  whiith  the  length  at  any  observed  temperature  ct 
eonii>uted.  In  order  to  meet  this  requirement  iu  a  way  which  i 
leave  least  ntom  for  <loiibt  couoeruing  the  actual  behavior  of  the  t 
the  HHI'"  comparator  described  in  section  '1,  Oiapter  iii,  was  del 
Tlie  tfeutiu'Crt  cKsential  ro  a  study  of  the  tapes  embodied  by  the 
piirator  were,  iHt,  that  its  h>ngth  conid  be  4leternitued  by  meai 
tlie  ieed  bar  apparatus  with  a  precision  superior  to  that  attainable 
the  tiviie:»;  L'd,  tliat  the  tu)u>  t'lmld  bo  stretched  and  aligned  oi 
compar-ator  in  precisely  tlie  same  way  as  when  used  in  the  field; 
:td,  that  the  tape  length  at  any  time  could  be  quickly  and  accar 
refeiTed  to  that  of  the  comparator. 

As  explained  in  sei-tion  '1,  ('liapter  in,  the  ends  of  the  compa 
were,  imirki'd  by  sphcricaMieadcd  bolts,  or  cnt-ott'  spheres.  The 
umrks  or  graduations  of  a  tai>e  when  under  comparison  were  obst 
by  means  i>r  micmmoter  micioscopcs  utonnted  over  the  cut-oflF  spl 
as  when  used  in  niousnring  the  length  of  the  comparator  with  the 
har  apparatus.  The  ixisitious  of  the  tape  ends  i-onld  thus  be  accur 
i-efeired  to  the  cut  off  spheres  through  the  uiedium  of  the  cut-off  ( 
deis  descriljcd  in  section  8,  Chajiter  i. 

The  tape  stretchers  were  mounted  on  the  stationary  car  track  c 
comjiarator.  ami  by  means  of  their  vertical  ailjnsting  screws  the  g\ 
■  ateil  surfaces  of  the  tape  eonld  be  easily  brought  to  focus  undei 
micvoseojies. 

The  ta].c8  were  supjiortcd  at  intervals  df  10'"  on  wire  rods  atta 
to  the  alternate  niicniseopi-  (losts  of  the  comparator;  and  the  im 
of  handling  tlio  tape  was  in  every  way  similar  to  that-  followed  in 
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measurements  with  the  tape,  except  that  it%  gradaation  marks  were 
observed  with  micrometer  microscopes. 

The  tlieriuometers  were  hung  from  light  wooden  supports  attached 
to  the  microscoi)e  posts  of  the  middle  of  the  comparator  and  at  15™ 
from  either  end.  The  stems  of  the  thermometers  were  upright  and  the 
bulbs  were  kept  at  about  the  same  height  a«  the  tape. 

(8)  Method  of  observation. — The  programme  adhered  to  iu  all  deter- 
minations of  the  tape  lengths  made  on  the  100'"  comparator  is  the 
following: 

Tlie  tape  being  mounted  on  its  sux)port  nails  and  attached  to  the  tape 
stretithers,  was  first  put  under  tension,  aligned,  and  brought  to  focus 
under  the  microscoi)es  at  the  ends  of  the  comparator.  When  this  opera- 
tion was  completed  at  the  east  end  of  the  comparator,  tbe  observer  of 
that  end  gave  one  blast  from  his  whistle.  The  observer  at  the  west  end 
answered  this  signal  by  one  blast  from  his  whistle  as  soon  as  the  ad- 
justments at  his  end  were  completed.  The  observers  then  read  the 
thermometers  nearest  to  them,  while  the  recorder  who  staqds  near  the 
middle  of  the  comparator  read  the  thermometer  at  that  point.  On 
announcing  their  thermometer  readings  to  the  recorder  and  heaiing  his 
repetition  of  them,  the  observers  returned  to  their  respective  ends  of  the 
comparator  and  reexamined  their  adjustments  of  the  tape  and  micro- 
scopes with  respect  to  one  another;  and  the  tension,  which  was  always 
applied  at  the  west  end  of  the  comparator,  was  brought  to  its  normal 
value.  On  completing  his  adjustment  the  observer  at  the  east  end 
gave  one  blast  from  his  whistle.  This  was  responded  to  by  one  blast 
from  the  whistle  of  the  observer  at  the  west  end  as  soon  as  his  adjust- 
ments were  satisfactory.  The  observer  at  the  east  then  gave  two  blasts 
from  his  whistle,  whereupon  the  recorder  lifted  the  tape  a  few  centi- 
metres from  and  let  it  fall  back  on  the  middle  support  nail.  This 
served  to  relieve  the  tape  from  friction  on  its  support  nails;  and  as 
soon  as  the  tape  c(^ased  vibrating  the  observer  at  the  east  end  gave  one 
blast  from  his  whistle.  This  was  responded  to  by  one  blast  from  the 
whistle  of  the  other  observer,  and  the  microscopes  were  immediately 
brought  to  bisection  on  the  graduation  marks  of  the  tapes.  This  com- 
pleted, the  observers  exchanged  signals,  and  proceeded  at  once  to  re-read 
the  thermometers.  Finally,  aft^r  completing  the  record  of  the  ther- 
mometer readings,  the  observers:  referred  their  respective  microscopes 
to  the  cut  off  spheres  of  the  comparator. 

The  time  required  to  make  such  a  set  of  observations,  exclusive  of 
the  cut-off  measures,  was  two  to  three  minutes,  while  the  cut-off  meas- 
ures reciuired  about  two  minutes  additional. 

In  observing  on  the  tape  it  was  generally  found  most  convenient  to 
move  the  whole  microscope  by  means  of  the.  longitudinal  screw  of  its 
slide  rest. 

The  reading  of  the  balance  index  wad  noted  immfadi^ti^V^  <9»SX^^ 
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observing  on  the  tape,  so  that  a  correction  could  be.  applied  for  any 
departure  from  the  normal  tension. 

Tables  I  and  11  following  give  the  records  of  a  complete  set  of  obser- 
vations for  temperature  and  length  of  100"»  steel  tape  No.  88  on  the 
comparator. 

As  will  be  seen  by  a  glance  at  Table  I,  the  thermometers  wore  read  to 
tenths  of  a  degree.  In  order  to  make  such  readings  with  ease,  haud- 
tnagnifying  glasses  were  used. 

Tlie  standard  tension  adopted  for  the  100™  steel  tapes  was  25  pounds, 
■9  ounces  (11"696  kilogrammes).  This  is  the  tension  given  by  the  bal- 
ances used  when  they  are  horizontal,  when  they  ate  free  from  index 
error,  and  when  they  rea<l  25  pounds  even.  The  de|)arture  from  this 
even  reading  was  observed  to  the  nearest  ounce;  or  what  amounts  to 
the  same,  the  actual  reading  of  the  balance  at  the  time  of  observing 
with  the  microscope  on  the  tapes  was  noted. 

Since  it.  was  generally  easiest  to  move  the  whole  microscope  by 
means  of  the  longitudinal  screw  of  its  slide  rest  in  reading  on  the  tai>e, 
the  micrometer  screws  were  usually  set  to  the  same  reading  at  the 
two  ends  of  the  comparator  in  order  to  8imx)lify  the  computation  which 
requires  the  diflference  of  the  microscope  readings. 

The  records  of  the  cutoflf  meiisures  are  in  all  respects  similar  to  those 
obtained  in  measurements  with  the  iced  bar,  and  fully  set  forth  in  sec- 
tion 11,  Chapter  i,  to  which  reference  may  be  made  for  an  explanation 
of  the  meaning  attached  to  the  symbols  in  Table  II. 


Table  I. — Record  of  observed  temperature  and  length  of  steel  tape 

No.  88,  October  4,  18ifl. 


Time  of 
day. 

Thermometer  read 

ings. 

Haliiiue  reading. 

Microscope  reading^. 

No.  5598. 

> 

No.  5599. 

No.  5601. 

ii«;°C. 

II  6 

1 

West  end,  Z.  \  East  end,  R. 

a.  m. 

lOIO 

lo-ii 

117°  C. 
117 

II  7^  C. 
11-9 

25  pounds. 
2  ounces. 

20-00 

20-00 

* 

Table  II. — Record  of  cutoff  measures  corresponding  to  observations  in 

labia  1. 


West  end — Repsold  rvlimlcr. 


East  end— U.  S.  C.  and  G.  Survey  cylinder. 


Time  of 
dav. 


a.  m. 
10-12 


End    |(lradua-     Micro- 
of  scale.      tion     |    stope 
cast,    observed.'  reading. 


I  cvcl 
leadings.     ,  ^.^^^^^^^^ 

!      day. 


End 


(iradna- 


/. 


22  I.        2400 


21  I. 


90 

i6(>9     150 


:«»1  scale,       tion 
east,     nbscrvci. 


r. 


Micro- 

.scope 

rcadin^i^s. 


a.  »i.   I 

kVo      1012  ;    A. 

100  13. 


1 1. 
1 1. 


1961 
2272 


Level 
read  in?"*. 


/. 


50 
80 


9-5 
6-5 


(9)  Length  of  tape  in  terms  of  comparator  interval. — Let  T  denote  thQ 
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\Qr\g;th  of  the  tape  under  eoniparisou  at  the  time  of  any  set  of  observa-  * 
tions,  and  let  D  denote  the  comparator  interval,  or  distance  between 
tlie  tiTminal  spheres  of  the  comparator,  at  the  same  time.    Also,  as  in 
section  11,  Chapter  I,  let 
Jjj  R  =  readings  of  the  microscopes  on  the  tape  at  the  left  and  right. 

hand  ends  of  the  comparator,  respectively, 
L^j  R^  =  con^esponding  mean  readings  of  the  same  microscoi)es  on  the^ 

cut-off  scales, 
8i,  8r  =  divisions  of  cut-off  scales  observed  at  the  respective  ends  of  the 
^-  comparator, 

^j,  Tr  =  corresponding  inclinations  of  cut-off  cylinders, 
ill,  ITr=  corresponding  heights  of  cut-off  scales. 

Finally,  let  z/r  be  the  excess  in  ounces  of  the  applied  tension  over 
the  normal  tension  of  the  tape. 

Then 

In  this  formula  the  upper  signs  apply  to  8i  and  Sj  when  the  gradua- 
tion numbers  appear  inverted  (I),  and  the  lower  ones  when  those  num- 
bers appear  erect  (E).  The  inclinations  Ii  and  J,  are  positive  when.  the. 
left-hand  end  of  the  bubble  is  the  higher.  The  tension  excess  Jt  is 
positive  when  the  balance  reading  is  greater  than  25  pounds. 

Tlie  corrections  for  inclination  of  the  cut-off  cylinders  flj  Ji,  i^r-^t 
were  generally  very  small,  and  hence  negligible.  The  factors  by  which 
the  difference  of  the  sums  of  the  level  bubble  readings  must  be  multi- 
plied to  get  these  corrections  are,  for  the  Kepsold  cylinder  l-G''  and  for 
the  U.  S.  Coast  and  Geodetic  Survey  cylinder  (M".  These  apply,  of 
course,  only  to  the  special  values  of  the  heights  JTof  the  cylinders  as 
used  on  the  comparator. 

Th(?  value  of  the  coeilicient  of  Jr  used  in  the  actual  computations  of 
length  was  0'047'"™  as  determined  by  experiments  on  the  comparator  in 
1891.  A<lditional  determinations  made  in  1892  indicate  that  the  value 
O-ori"""  per  ounce  when  the  normal  tension  is  25  pounds  is  more  precise. 

The  computation  of  the  length  T  by  formula  (1)  in  the  case  of  the 
observations  in  Table  I  and  II  is  then  as  follows: 

mm. 
^  N,  =  -  21-500 

±  ^V  =  +   I'Ooo 

-  (/>   -  A')  =         0-000 

+  (L,  -  /i*e)  =  -    0-082 

-       //,/,  =  4-  0-ooa 

—  0-047'""'  X  Jr  =  —    0-092 


Hence  we  have 


Sum  =  -  20-689 
T  =  D  —  20-G89»"«^ 
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The  value  actually  used  was  T)  —  liO*C7"'"\  wliicli  comes  from  neglect- 
ing the  corrections  for  inclination  of  cut-olf  cylinders  and  rounding 
all  com]>uted  corrections  to  the  nearest  hundredth  of  a  millimetre. 

(10)  Thermometer  corrections. — The  thermometers  used  in  all  deter- 
minations of  tape  lengths  on  the  100°»  comparator  were  Kos.  5598,  5599, 
and  5601  by  Green,  of  New  York.  Their  corrections  were  determined 
by  Mr.  O.  H.  Tittmann,  assistant  in  charge  of  the  Office  of  Standard 
Weights  and  Measures  of  the  Survey. 

Table  III  following  gives  the  corrections  essential  to  reduce  the 
observed  readings  of  these  thermometers  to  the  hydrogen  scale  as  deter- 
mined by  Assistant  Tittmann  on  August  19, 1890. 

Table  III. — Thermometer  corrections  August  19y  1890. 


Temperature. 

Correction  to— 

5598- 

5509- 

560Z. 

2-6°  C. 

3-6 
IO-2 

19-6 

25 
30 

34-9 

-0-20^  C 

•24 

•19 
•18 
•18 

•17 
•14 
•19 

-©•I9°C 

•I.S 

19 

•18 

•21 

•17 
•22 

•14 

— 0-2I*»  C. 

•10 

16 

•18 

•24 

•17 

■17 
•29 

The  readings  of  these  thermometers  when  packed  in  melted  ice  on 
August  19,  1800,  were  +  0-25o,  +  0-08o and OOOo, respectively.  Their 
freezing  point  readings  were  not  again  determined  until  January  21, 
1892,  when  they  read  +  0-15o,  +  0-17o,  and  O-OOo  respectively. 

To  take  account  of  these  changes  in  the  freezing  point  readings  it  is 
assumed  that  they  varied  directly  as  the  time  during  the  interval  which 
elapsed  between  the  two  determinations  of  August,  1890,  and  January, 
1892.  This  assumption  gives  for  the  zero  point  readings  at  the  ei>och 
of  the  tape  comparisons,  Sept<5mber,  1891,  say,  -f  0*17^,  +0'15o,  and 
0*000,  respectively;  and  these  are  the  values  adopted. 

The  changes  which  these  readings  entail  in  the  corrections  in  Table 
III  are  found  by  adding  +0-08o  to  the  corrections  for  No.  5598,  by 
adding  — O-OT^  to  the  corrections  for  No.  5599,  while  the  corrections  for 
No.  5601  remain  unchanged. 

Since  the  thermometers  always  had  the  same  readings  within  a 
degree,  it  has  been  considered  suflicient  to  apply  the  mean  of  their  cor- 
rections to  the  mean  of  their  readings  in  com]mting  results  from  com- 
parions  on  the  100"*  comparator.  Accordingly^,  the  mean  corrections 
in  Table  IV  following  have  been  applied  in  deducing  the  temperatures 
of  the  tapes  &om  the  observations  on  the  comparator. 
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Determmati&n  of  equations  of  tapes. 
Table  IV. — Meains  of  corrections  to  thermometers  September j  1891. 


Temperature 

2-6« 

3-60 

IO-2® 

150® 

196® 

— 0-20 

250® 

30-0° 

34-9** 

Correction 

— 0'20 

— 0-I9 

— oi8 

—018 

— 0*17 

—0  17 

— 020 

The  means  of  the  six  thenuometer  readings  were  carried  to  Imn- 
dredths  in  the  computation,  and  tlie  above  corrections  were  then  applied 
in  getting  the  adopted  tape  temperatures,  which  are  likewise  carried 
to  hundi*edths  of  a  degree.  This  is  to  some  extent  a  needless  refine- 
ment, but  its  application  cost  little  labor. 

(11)  Adopted  lengths  of  the  comparator. — As  explained  in  section  5, 
Chapter  III,  it  is  assumed  that  the  comparator  interval  or  length  D 
changed  during  the  period  of  two  mouths  which  elapsed  between  the 
two  groups  of  determinations  of  that  interval.  Fortunately,  the  largest 
groups  of  tape  comparisons  were  nearly  coincident  in  time  with  those 
of  the  comparator  measures.  For  the  small  number  of  tape  compari- 
sons made  between  August  30  and  September  6,  a  length  of  the  com- 
parator interval  is  derived  on  the  assumption  that  it  changed  directly 
as  the  time  between  the  two  epochs  for  which  lengths  are  given  in  sec- 
tion 7,  Chapter  III.  Hence  the  following  values  are  adopted  for  the 
comparator  interval  D  in  terms  of  the  iced  bar  ^,7: 

mm. 
Aug.  1  to  8,  1801,  D  =  20 B,j  -f  39-52, 
Aug.  30  to  Sept.  6,  1891,  I)  =  20^,^  +  39-44, 
Oct.  3  to  0,  1801 ,  I)  =  207i,-  -f  39-37. 

i?,,  =  5"'-18-0''. 

(12)  Correction  for  index  error  of  balances. — The  spring  balances  used 
to  give  tension  to  the  tapes  were  tested  from  time  to  time  by  the  method 
explained  in  section  4,  Chapter  Y.  They  were  also  tested  frequently 
with  known  weights  to  see  that  they  gave  the  tensions  indicated.* 

The  standard  tension  adopted  was  25  jwunds  9  ounces,  which  is  the 
tension  given  by  the  balances  when  horizontal,  when  they  are  free  from 
index  error,  and  when  they  read  25  pounds  even.  By  reason  of  some 
accidents  to  the  balances  their  index  errors  changed  to  some  extent 
during  the  season.  They  were  always  accurately  observed,  however, 
and  tlie  corrections  applied  are  without  sensible  error. 

The  correction  for  index  error  is  of  the  same  form  as  that  for  excess 
of  tension  explained  in  section  9  above.  The  adopted  elongation  of 
the  tape  per  ounce  was  0-047"*™  5  and  the  corrections  actually  apphed 
to  the  lengths  of  the  tapes  as  computed  by  equation  (1),  section  9,  are 
the  following: 

Aug.    1  to  Aug.  8, 1891,        0-00, 

Aug.  30  to  Sept.  5, 1891,     -0*16, 

Oct.     3  to  Oct.    9,  1891,     -fO-16. 

•See  Chapter  V,  section  4,  for  details  of  observed  index  correctLOiL&. 
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(L'i)  Observed  data  for  lemith^  and  ratea  of  expansion  of  steel  tapes  Xos. 
S/}  and-dS. — ^Tables  Vaiul  VI  following  g:ive  the  results  of  all  observa- 
tions made  on  the  100*"  comparator  to  determine  tbe  equations  of  the 
steel  100"  tai)es  Nor.  85  and  88.  The  first  column  gives  the  date  of 
observation,  and  the  second  the  time  when  the  observations  were  made. 
The  third  column  gives  the  temperature  of  the  tape  corrected  to  the 
hydrogen  scale  as  explained  in  section  10  above.  The  fourth  column 
gives  the  length  of  the  tape  in  terms  of  the  comparator  interval  1>  a& 
computed  from  equation  (1),  section  9.  The  fifth  column  gives  the 
length  of  the  tape  in  terms  of  the  iced  bar  ^17,  in  accordance  with  the 
relations  given  in  section  11.  The  corrections  to  standard  tension  of 
25  pounds  9  ounces  given  in  section  12  are  also  applied  in  deriving  the 
values  in  this  column.  The  last  column  gives  the  residuals  which 
result  from  the  equations  of  the  tapes  deduced  in  the  following  section. 

Table  V. — Results  of  observations  for  length  and  rate  of  expansion  of 

I00'»  Htrel  tape  Xo.  So, 


Obvrved 

length  of 

Residual 

• 

Observe<l  tem- 

lapc. 

<cumpute<l 

Date. 

Time  of  (lay. 

perature  of 
tai.»c. 

_    _ 

—   . 

minus 
observed 

/>- 

ao  //,7  -u 

viilue). 

189I. 

mm. 

mm. 

WW. 

Aug.       6 

11:29  a.  m. 

2902°  c. 

4'Ol 

35-51 

-I-OI2 

1 :02  p.  ni. 

3056 

'•83 

3/-^ 

—    34 

2:06 

3007 

3-37 

36- 1 5 

4    63 

3:05 

2988 

2-67 

3685 

—  -28 

4:02 

28g2 

438 

35»4 

-f    38 

5:00 

2801 

494 

34-58 

-    06 

9:02 

1958 

14-86 

2466 

+  -O^J 

9:12 

1844 

»572 

2380 

4-  -25 

7 

7:02  a.  m. 

2096 

12-68 

2684 

—   03 

8:02 

2453 

S-68 

3084 

—  -13 

9:02 

2673 

6-55 

3297 

-f  -15 

10:02 

2796 

4^)5 

34-57 

—  -11 

11:01 

29' 26 

3*57 

35-95 

•06 

ll:4i> 

30- 1 1 

rgS 

37-54 

-   70 

2:04  p.  ni. 

3021 

224 

3728 

-  -35 

7:16 

31-35 

105 

3«-47 

—    *2Q 

7:3-2 

2151 

1248 

27-04 

-i-  -37 

8:38 

2015 

1421 

25-31 

I-  -60 

S 

7:28  a.  111. 

24  oO 

(»-o<j 

3043 

-f  -43 

8:34 

27  06 

5*'3 

3380 

-  -41 

0:35 

29  14 

3-^'.> 

35-80 

—    12 

10:32 

3034 

2-02 

36-()o 

-  -17 

• 

11:31 

3»\?^> 

»»3 

^^S') 

-    -17 

12:38  p.  m. 

3212 

029 

3923 

-       -21 

^K^.^ 

3 '54 

080 

• 

38-72 

—  -33 

2:34 

,y'y.^^ 

^•75 

.V'  /  / 

^  -28 

7:41 

21-48 

12  42 

2710 

-f  -27 

8:34 

20f;3 

12t)6 

26-5() 

-f    -21 

9:34 

2(y  ?8 

\\\2 

26- 20 

—     03 

EEPOBT  FOR   181)2 — PART  U.  4! 

DeiermiualiOH  of  eqvatiowi  of  tapes. 
Table  V. — KexutUi  of  observaliong  for  length,  etc, — Continued. 


Obasrvcd  longUi  ol 

Kttidu.1 

Observed  ttm- 

U|it. 

(cmnimled 

Dmc. 

Tlirc  of  d.y. 

ub1Iir"d 

z>- 

"•««+ 

niur). 

>8oi. 

™™. 

mm 

mm. 

S<;pl,       5 

40  p.  ni. 

I4S8 

1908 

-  -OS 

J 

1470 

1951 

19-77 

+  -iH 

5 

04 

14-26 

19-91 

'9-37 

+  -10 

7 

iS 

«3S8 

1 916 

9:0a 

13-98 

Wl6 

19-12 

+  -04 

OC.       3 

TO 

40  a.m. 

1673 

6-2S 

i3-'S 

-    13 

48 

27-14 

S-99 

33-54 

+    W 

1:41  |>.  m. 

Z706 

6-.5 

33-38 

-1-  -ro 

4 

4:54  1>-  ™- 

'3'8S 

20-II 

19-41 

~  -.19 

6:50 

1267 

i:-6o 

'7-93 

8:OJJ 

ii'3i 

ai'3S 

17.8 

+  -'7 

8:58 

«-68 

16-85 

—  -18 

"■38 

23-35 

16-18 

H    -14 

5 

Stoo  a-  m. 

7-20 

J7-86 

1166 

+   -07 

6:04 

6-66 

28-34 

11-19 

-  -04 

6iS4 

7-97 

Z6S9 

11-64 

-   05 

K:04 

J4-82 

14-7' 

^    -36 

9-00 

ii-8o 

22-99 

16-54 

1       -2* 

ti..,8,..  m. 

1513 

1913 

20-J0 

-t     -12 

l-o.i 

707 

27-95 

1.-58 

SM 

07» 

2S-51 

)-    -20 

8:5« 

6-^8 

10-71 

-t     '3 

10;  If. 

504 

30-01 

0-52 

6 

4:JJ  a.  m. 

,t-S' 

3 '-95 

7'S8 

-!  -i; 

5 

2K 

i-47 

3 '78 

7-75 

'-  -o-i 

2S 

4-;u 

30-Si 

9-01 

■     of, 

7 

S'' 

ost 

25-30 

.(.-7^ 

-."3 

»M 

IL-yS 

2i;s 

i    -16 

8 

K'GJ 

26-03 

iJSO 

-      JO 

4N 

lO-Sg 

23S' 

16-02 

-  -24 

s= 

12-55 

2157 

.7-96 

-  ■}(' 

I' 

5^ 

131.0 
■4-rM 

Jo-97 
'955 

18-56 

I9-98 

+   '19 

■ 

SH  ,..  m. 

1501 

"4-"7 

'977 

20-24 

2077 
19-76 

+   -20 
4-   -16 

5 

7 

06 

'J43 
7J8 

20-7G 

25-jf) 

27-70 

18-77 

14-17 
ii;S3 

1-    -27 
-0; 

if> 

7'.'S 

2749 

■24 

!!ss 

770 

27-05        11-48 

—  -19 

9 

l;04  a.  ni. 

S-3' 

29-73  1       9-8o 

—  ''3 

3:<M 

5-49 

29-48         lo-os 

—  -18 

4.0S 

S^-) 

2q-5&  1         9-97 

5:0.. 

4-i'( 

30-77  1        8-7G 

-  -29 

447 

30-58  1       S-95 

—    '20 

6:1^ 

fv6S 

28-.S  1     u-iS 

8^00 

9-33 

25  ji        14-22 

-  -IS 
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Table  VI. — HvhuUh  ofohHerrathm  for  length  and  rate  of  cjrpansion  of 

100'''  steel  tape  No.  fiS. 


Oliservcii 

leniOh  of 

Residual 

Ob»«rvcd  tem- 

tape. 

(computed 

Date. 

Timo  of  ilav. 

l>eniture  of 
tape. 

1 

minus 

observed 

value). 

ao^„-f- 

1891. 

mm. 

mm. 

mm. 

Aug.       I 

10:14  a.  m. 

2746°  C. 

3-66 

35-86 

-ho-42 

1:52  p.  ni. 

2()-28 

0-86 

3866 

—  40 

2:50 

24-06 

6-58 

3294 

-h  -61 

3:32 

24f»I 

r»o4 

33-48 

—  -3" 

4:10 

2286 

817 

31-35 

—   09 

4:56 

2334 

711 

3241 

-•63 

5:56 

2397 

7'>3 

3189 

+  -58 

7:25 

20-46 

;      1I-35 

28- 1 7 

4-  -46 

3 

7:52  a.  in. 

1499 

1679 

2273 

•06 

8:29 

14-46 

i7-6<> 

21-83 

-f-    26 

9:59 

14-30 

16-95 

22-57 

-65 

11:05 

1470 

17-56 

2ro6 

4-  -39 

1:32  p.  m. 

1645 

15-35 

24-17 

-h   09 

2:08 

16-95 

1473 

2479 

-f  -02 

4 

8:22  a.  ni. 

20-84 

10-40 

29-12 

—  07 

9:02 

2 1  -66 

0-70 

29-82 

+  -13 

1 0:02 

2324 

703 

3i  59 

-f    08 

10:56 

2414 

6f>! 

3201 

-    26 

• 

12:02  p.  111. 

24-01 

6-6s 

32-87 

—  -37 

I:02 

2501 

5-92 

33-60 

-f    -GO 

4:46 

2477 

6-49 

33-«3 

-f  -31 

9:04 

1772 

14-36 

25-16 

+  -49 

5 

/ 

15  a.  ni. 

21-71 

957 

2995 

J-  0-5 

s 

32 

24*29 

7-02 

3250 

-1-  -32 

9 

32 

2528 

605 

33-47 

-f  -43 

10 

=32 

2571 

5«>9 

3y^.\ 

+  -54 

II 

32 

2801 

244 

37-08 

4-    -21 

I 

.}2  p.  m. 

2801 

2-53 

36-99 

4-  -12 

2 

}2 

28-27 

2-49 

37-03 

-1-      13 

3 

'■^2 

27-89 

2-92 

30-60 

-\-    IS 

4 

30 

26-31 

4-78 

34-74 

+  -28 

5- 

32 

2627 

4-64 

34-88 

-f    -ID 

8 

56 

17-67 

14-46 

2506 

+  -54 

30 

6:46  ]).  111. 

16-41 

15-35 

23-93 

+    29 

8:14 

14-26 

1779 

21-40 

+  -39 

9:,?o 

1315 

18-63 

2065 

-f   01 

Sci)t.      5 

I2:o.S  p.  111. 

14-55 

16-70 

22-;;S 
- 

--  -39 

I :  I  f ) 

I5i'^ 

15-02 

23-3<> 

•57 

1:42 

^^■7^ 

1510 

24-09 

-    56 

. 

2:24 

15-2S 

1579 

2349 

—    50 

3:45 

I4-2S 

1  -•  ■»  t 

21- 06 

-    06 

4:54 

14-26 

i7-2() 

2202 

-    15 

Oct.       3 

10:55  a.  in. 

27-oS 

j-22 

.S''>-3» 

—  -46 

11:30 

26-0'> 

3'^'0 

3''>-44 

-•67 

1:40  p.  ni. 

2.'.-93 

3'<x> 

3''-44 

-  74 

4 

4:44  V-  >»• 

ly^.^ 

i7-59 

21-94 

-  -54 

7:02 

I2"(>0 

i9'37 

20-l6 

—   'lO 

8:01 

12-30 

19-55 

lo-oS 

-    25 

9:10 

"•53 

20-61 

1802 

—   03 

10: 10 

11-50 

2067 

18-86 

—  -lo 
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Determination  of  equations  of  tapes. 
Table  VI. — Results  of  ohservaUons  for  length,  etc. — Continued. 


• 

Observed 

1ene:th  of 

Residual 

Observed  tem- 

tape. 

(computed 

Date. 

Time  of  day. 

perature  of 
tape. 

minus 
observeil 

nun. 

20  /?„  -f 

value). 

189I. 

tnm. 

mm. 

Oct.        5 

5:12  a.  111. 

7-03 

2538 

1415 

•18 

5:56 

646 

25-87 

13-66 

—  -30 

7:00 

825 

24- 1 6 

15-37 

—    06 

7:56 

997 

22-63 

16-90 

-f  -29 

9:04 

1170 

20-68 

18-85 

-f  -23 

12:30  p.  m. 

15-35 

16-48 

23-05 

-f  -01 

7:12 

7  02 

25-82 

1371 

-f  -25 

8:02 

642 

2626 

13-27 

--  -05 

9:08 

6-54 

26-11 

13*42 

+  -03 

10:04 

512 

27-50 

1203 

—  13 

6 

4:42  a.  m. 

4*39 

2833 

11-20 

—  -to 

5;22 

346 

29-40 

1013 

—  -04 

6:34 

4-66 

28-24 

11-29 

+  •" 

7:48 

882 

23-41 

16-12 

—  -18 

9:02 

1270 

19-52 

20-0I 

+  16 

8 

7:50  a.  m. 

815   • 

2396 

15-57 

-•36 

8:54 

11-20 

2096 

18-57 

—  04 

9:48 

1214 

^20-09 

19-44 

-f  -16 

10:52 

1385 

*i8-29 

21-24 

-f    19 

11:46 

1405 

18-43 

21*10 

+  -54 

1:04  p.  m. 

15-25 

16.72 

22-81 

+  -14 

2:06 

1612 

15-98 

23-55 

H-  -35 

3:0^ 

14-62 

17-32 

22-21 

-f  -06 

4:02 

14-22 

17-80 

2173 

4-  -lo 

5:58 

923 

2345 

16-08 

-f-  -20 

7:06 

757 

25-09 

14-44 

+  -'3 

ll:o6 

7-35 

24-86 

14-67 

—  -34 

9 

12:08  a.  ni. 

752 

24-82 

14-71 

—  -19 

1:56 

539 

26-96 

12-57 

-•38 

3:10 

529 

2749 

12-04 

-f  -04 

4:04 

5-67 

26-97 

12-56 

—  -06 

5:12 

421 

28-67 

10-86 

-f  -04 

6:04 

4-II 

28-69 

10-84 

—  -04 

7:02 

707 

25-28 

14-25 

—    -22 

7:56 

9-10 

2282 

16-71 

—  -47 

(14)  Derivation  of  equations  of  tapes. — Let  t  denote  tbe  observed  tern-  * 
perature  of  tbe  Uipe  at  any  time,  and  x  the  excess  of  the  tape's  length 
over  20  ^,7  at  the  same  time.  Let  x^  denote  the  corresponding  excess  in 
length  at  any  assumed  temperature  t^.  Then  if  we  call  the  rate  of 
expansion  of  the  tape  y,  and  denote  the  most  probable  corrections  to 
X  and  t  by  Ax  and  Jf,  respectively,  each  pair  of  observed  values  in^ 
Tables  V  and  VI  will  give  an  equation  of  condition  of  the  form 

•?o  +  y  (^  +  J^  -  <o)  -  a?  —  ^07  =  0.  (2) 

If  now  we  <lenote  the  weights  of  x  and  thy  p  and  g,  respectively, 
the  method  of  least  squares  requires  that,  subject  to  the  conditions  (2), 

[p  {/Ixf]  +  [q  [Mf]  =  a  minimum.  (3) 

The  solution  of  the  problem  presented  by  equations  (2)  and  (^\  ^a^ 
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not  (liiiicult,  especially  when  tlie  ratio  of  the  weights  p  and  g  is  con- 
stant. The  method  usually  followed  in  treating  this  problem  is  based 
on  the  assumption  that  9  =  qc,  or  that  the  temperature  observations  are 
not  subject  to  error.  In  the  present  applieati4)n,  it  seems  more  fitting 
to  make  the  other  extreme  assumption,  viz,  that  p  ^  op^  since  the  tem- 
])erature  errors  sui^pass  by  far  the  resultant  eft'ect  of  all  other  errors. 
Both  these  extreme  assumptions  were  made  in  the  computations  as 
actually  carried  out,  an<l  it  may  be  said  that  the  resulting  values  of  x^ 
and  y  do  not  differ  appreciably,  so  that  for  practical  purposes  one 
method  is  as  good  as  another.  Hence  we  sliall  adopt  the  usual  method, 
which  converts  (2)  into  an  observation  equation  of  the  form 

^o  +  y  (*  —  ^o)  —  a:  =  JXy  with  weight  J?.  (4) 

Since  to  is  arbitrary,  we  may  conveniently  give  it  the  value 

to  =  f^ ,  (5) 

since  this  facilit<ates  the  solution  of  the  normal  equations  and  the  com- 
putation of  the  probable  error  of  the  tiipe  length  at  any  temperature. 
Thus,  with  this  value  of  U,  we  have 

The  observations  in  Tables  V  and  VI  would  give  Cfiuations  of  equal 
weight,  but  instead  of  treating  these  equations  separately  tliey  have 
been  grouped  into  means  with  respect  to  temperature  limits  in  order  to 
learn  what  extent  the  errors  of  observation  are  compensating.  The 
resulting  values  of  Xo  and  y  are,  however,  the  same  as  would  come  from 
considering  the  several  equations  separately. 

Table  VII  following  gives  the  values  in  detail  which  result  from  the 
processes  of  grouping  just  mentioned  as  applied  to  the  datar  for  Tape 
No.  85.  The  lirst  coluhin  gives  the  limits  of  the  temperatures  included 
in  any  group.  The  second  colunm  gives  the  number  of  observed  tem- 
peratures or  lengths  in  the  group,  or  the  weighty  of  the  mean  tem- 
perature or  mean  length  for  the  group.  The  third  column  gives  the 
mean  temperature  t  and  the  fourth  the  mean  length  excess  x  for  the 
group.  The  last  column  gives  the  residual  which  results  from  the  sub- 
stitution of  the  computed  values  .To,  y  and  the  group  means  t  and  x  in 
equation  (4). 

Table  VIII  gives  the  corresponding  data  for  Tape  No.  88. 
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range. 

<*   VIIJItL    /■. 

O                0 

30  to  35 

II 

25       30 

II 

20       25 

8 

15       20 

6 

10       15 

18 

5        10 

18 

0       5 

5 

Mean  value    Mean  value 


of  /. 


of  jr. 


0 

t»m. 

3072 

37-64 

2792 

3442 

21-82 

27-54 

16-44 

21-66 

1294 

i8-oi 

718 

1178 

4-08 

841 

Residual  .1  jr. 

(('(tmnuted 

ininuM  observed 

value.) 


WW. 

>I50 

-f   -004 

-f   -207 

-I-   -197 
-I-   -016 

—  -059 

-  083 


Table  VII  I. — Summary  of  datnfor  equation  of  tape  No.  88. 


1 

Residual  A  x. 

Tempcralure 

Weight  p. 

Mean  value 

Mean  value 

(Computed 

range. 

of  /. 

of  X. 

inintta  observed 

'» 

value.) 

0          0 

0 

tnm. 

mm. 

25  to  30 

"5 

26-89 

35-66 

— 0004 

20       25 

U 

23-07 

31-47 

+   -017 

15       20 

12 

16-09 

23-85 

-f  -019 

10       15 

22 

'3'4 

20-68 

—    030 

5      10 

18 

7-22 

1418 

-f    009 

0       5 

5 

4-19 

1086 

-j-  -022 

From  the  data  in  Tables  VII  and  VIII  we  fiiul  by  means  of  equatioAB 

(5)  and  ((>) 


t^  =       16-89^  C, 

.r„  =  +  22-;r)""",  with  weiglit  77,         [  Tape  No.  85. 

y  =         1-0947""",  with  weight  (>436,  ) 


STai 


^o 
X 


o 


y  = 


15-72   C, 
+  2:3-47">'",  with  weight  S5, 
1-0914""",  with  weight  4687, 


Tape  No.  88. 


These  values  substituted  in  equation  (4)  give,  in  connection  with  the 
mean  values  oft  and  a?,  the  residuals  shown  in  the  last  column  of  Tables 
VII  and  VIII.  Likewise,  these  values  of  toj  Xoj  and  y,  when  substituted 
in  ecjuation  (4),  give  in  connection  with  the  individual  values  of  t  and  x 
the  residuals  of  the  individual  determinations  of  length  shown  in  the 
last  column  of  Tables  V  and  VI, 


430 


U.  S.  COAST  AND  GEODETIC  SUUyEY. 


The  salient  fciitiires  of  the  hitter  residuals  are  shown  in  the  following 
statement: 


T.-pc  85. 


Number  positive  residuals     = 
Number  negative  residuals    :— 
Average  residual 
Maximum  residual  = 

Sum  of  squares  of  rc>i duals  — 


36 
41 

0-20'""' 
0*70""" 
4-82 


From  the  sums  of  the  squares  of  the  residuals  just  given,  it  follows 
that  the  probable  error  of  a  single  determination  of  length  of  these 
tapes  on  the  100"  comparator  is 

mm. 
±  ()-17  for  tape  No.  85, 
±  0-22  for  tape  No.  88. 

Applying  the  weights  of  j:„  and  y,  given  above,  there  result 


Tape  85. 


Tai)e  88 


Probable  error  to  ~ 


turn. 
-}:0020 

,-i-0002I 


mvi. 
-I-0024 
^-0-003  2 


If,  now,  we  denote  the  h^ngths  of  tapes  No.  85  and  No.  88  by  T^  and 
T«R,  respectively,  the  preceding  data  enable  us  to  write  the  following 
equations : 

Tas  =  20i?„  +  22-35"""  ±  0-020"'"^ 

'  +  (1-0947"""  ±  0-0021""")  (/.  -  16-81)°  G.) 

Taa  =  20^,,  +  23-47">°>  ±  0-024""" 

+  (1-0914"'"'  ±  0-0032""")  (/  -  15-72°  C.) 


(7) 


(8) 


(15)  J>m'ti8Hion  of  resuUH. — An  examination  of  the  residuals  in  Tables 
V  and  VI  shows  that,  on  the  whole,  the  observed  lengths  are  well  repre- 
sented by  equation  (4).  Thus,  the  whole  number  of  the  residuals  in  the 
two  tables  is  102,  and  of  these,  as  just  shown  above,  SI  are  positive  and 
81  negative,  while  the  probable  error  of  a  single  determination  of  length 
is  ±  0-17"""  for  tape  85  and  i  0-22"""  for  tape  88.  Taking  the  average 
of  these  two  probable  errors,  or  ±  0-20""",  as  representative  of  the  whole 
group  of  residuals,  we  may  say  that  the  probable  error  of  a  single  deter- 
mination of  the  lengths  of  these  tapes  was  1  50(>000tli  part  of  their 
length.  The  maximuip  residual  is  ()-7 1""",  wliich  is  less  than  four  times 
its  probable  error.  Taking  the  vahios  J  017"""  and  i  0*22"™  for  the 
probable  errors  in  the  two  cases  as  a  basis  for  computation,  and  then 
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combining  the  two  groups  of  residuals  into  a  single  group,  the  follow- 
ing comparison  of  the  actual  with  the  theoretical  distribution  of  the 
residuals  results: 


Between  limits. 

Actual  number 
of  residuals. 

Theoretical 
number. 

mm.       mm. 
o-o  and  02 
0-2         0-4 
0-4         06 
06         08 

85 

5' 
9 

84 
52 
21 

5 

The  agreement  thus  shown  between  the  actual  and  theoretical  distri- 
bution of  the  residuals  is,  in  general,  quite  close.  As  is  usual  in  such 
comparisons,  the  departure  from  theory  is  greatest  in  the  case  of  the 
large  errors. 

On  the  whole,  therefore,  it  appears  that  the  errors  to  which  these 
determinations  of  tape  lengths  were  subject  are  of  the  compensating 
class.  A  confirmation  of  this  view  is  afforded  by  the  residuals  of 
the  group  mean  values  shown  in  Tables  VII  and  VIII.  If  the  errors 
to  which  the  individual  determinations  are  subject  were  not  of  the 
compensating  class  we  should  expect  large  residuals  to  result  from 
those  group  means.  The  residuals  are  largest  in  the  case  of  the  results 
for  tape  85;  but  they  reach  only  0*2™'"  at  the  maximum,  and  this  for 
group  means  having  relatively  small  weight.  The  degree  of  compen- 
sation was  manifestly  best  for  the  comparisons  of  tape  88,  since  the 
maximum  group  residual  shown  in  Table  VIII  is  only  O'OS'"",  while  the 
individual  residuals  for  the  comparisons  of  tape  88  were,  on  the  average, 
somewhat  greater  than  those  of  tape  85.  The  average  of  the  residuals 
in  Tables  VII  and  VIII,  regardless  of  weights,  is  0'06»"".  This  is 
equivalent  to  an  error  of  0'0(>°  0.  in  temperature  of  the  tape  and  to 
3/5  000  OOOths  of  a  tape  length. 

Notwithstanding  the  compensating  character  of  the  errors  in  ques- 
tion when  taken  as  a  whole,  a  careful  examination  of  the  residuals  in 
Tables  V  and  VI  indicates  that  the  determinations  were  subject  more 
or  less  to  some  systematic  errors.  These  seem  to  be  chiefly  of  two 
kinds,  namely :  First,  errors  due  to  lag  of  the  tape  temperature  rela- 
tively to  that  of  the  thermometers;  and  second,  tbat  due  probably  to 
peculiarities  of  radiation  which  produced  at  times  somewhat  persistent 
differences  in  temperature  between  the  tape  and  thermometers.  The 
lag  effect  is  best  shown,  perhaps,  in  the  observations  of  October  8  and 
9,  1891,  which  were  continuous  for  twenty- four  hours  except  for  an 
interval  of  four  hours  on  October  8,  when  the  apparatus  was  used  in 
measuring  a  section  of  Holton  Base.  The  amount  of  this  lagging 
may  have  been  as  much  as  0-2°  C,  though  it  is  entangled  with  other 
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errors  to  such  an  extent  that  one  cannot  draw  a  definite  conclusion  from 
the  residuals  of  the  tables.  Kxamx)les  of  what  I  have  provisionally  called 
the  <' radiation  effect"  are  afforded  by  the  observations  of  Septembers, 
Octobers,  and  October  4,  in  the  comparisons  of  tape  88.  For  these  dates 
the  residuals  are  all  relatively  lar^e  and  of  one  sign.  On,  the  same  dates, 
however,  no  such  persistence  in  sign  is  shown  by  the  residuals  of  tai)e 
85  which  was  alongside  and  within  two  centimetres  of  tiipe  88  on  the 
comparator.  It  seems  impossible  that  there  could  have  been  such  a 
difference  in  temperature  of  the  tax)es  thus  situated  jis  would  ai>pear 
from  the  residuals  just  cited ;  but  similar  persistent  differences  between 
the  tape  and  thermometer  temperatures  appeared  at  times  in  the 
measures  of  Holton  Base^  on  cloudy  days,  esi>ecially,  and  there  seems 
to  be  little  doubt  of  their  reality.  (See  section  8,  Chapter  v.)  The 
only  reason  I  am  able  to  assign  for  the  difference  in  behavior  of  the 
two  tapes  when  lying  alongsi<le  of  one  another  on  the  comparator  on 
the  dates  referred  to,  is  that  the  lower  surfa<je  of  tape  No.  88  had 
become  somewhat  polished,  presenting  a  bright,  rather  than  a  dull 
black  surface,  from  much  use  in  preparing  the  standard  kilometre  and 
other  sections  of  Holton  Base.  Otherwise  the  tapes  were  in  all  respects 
alike,  having  been  cut  from  the  same  coil. 

This  radiation  effect,  or  whatever  it  may  be,  was  observed  to  be 
present  in  a  somewhat  greater  degree  in  some  experiments  on  the 
behavior  of  the  tax>es  made  in  the  open  air  and  in  sunshine  on  a  x>ortion 
of  St.  Albans  Base  in  1892.  Since  these  exi)eriments  will  be  referred 
to  in  section  20,  Chapter  v,  I  may  dismiss  the  ciuestion  here  with  the 
remark  that  it  is  the  only  anomaly  presented  by  the  tai)es  in  my  expe- 
rience, and  that  it  is  probably  the  only  serious  obstacle  in  the  way  of 
making  the  long  tape  a  standard  whose  equation  can  be  determined 
with  a  precision  little  short  of  that  attained  with  laboratory  standards. 

(16)  Probable  error h  of  tape  lengths. — The  i)robable  enors  of  the  mean 
lengths  of  the  tapes  given  in  equations  (7)  and  (8),  section  14,  are  due 
to  the  errors  of  comparison  only.  The  total  i)robable  errors  of  those 
mean  lengths,  when  expressed  in  metres,  depend,  first,  on  the  errors  of 
comparison  just  mentioned;  second,  on  the  error  in  length  of  the  com- 
parator as  measured  with  the  iced  bar  7^,:;  third,  on  the  error  in  length 
of  i?i7  when  expressed  in  terms  of  the  International  Meti-e,  and  fourth, 
on  the  thermometer  errors  with  re^i)ect  to  the  hydrogen  scale. 

For  the  probable  error  due  to  the  first  source  of  error  we  may  adopt 
the  mean  of  those  given  in  ecpiations  (7)  and  (8)  above,  namely,  ±0-022""". 
This  amounts  to  1/4  550  000th  part  of  a  tape  length. 

The  resultant  probable  error  due  to  the  second  and  third  souwes  of 
error  is  given  in  section  7,  Chapter  in.  It  is  ±  0-03;i'""',  or  1/3  000 000th 
piU't  of  a  tape  or  comparator  length. 

An  idea  of  the  uncertainty  remaining  in  th(*  mean  of  the  corrected 
readings  of  the  three  theiuiometers  used  may  be  formed  by  an  inspec- 
tion of  the  data  for  the  thermometer  corrections  given  in  section  10 
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above.  It  is  estimated  that  the  probable  error  due  to  this  source  can 
not  exceed  ±  0-02^  0.  This  is  equivalent  to  ±  0-020™™  or  1/5  000  000th 
part  of  a  tape  length. 

Taking  the  square  root  of  the  sum  of  the  squares  of  these  independent 
probable  errors,  there  results  ±  0'044™™  for  the  total  probable  error  of 
the  length  of  either  tape  when  expressed  in  terms  of  the  International 
Metre,  and  when  its  temperature  is  the  mean  of  those  observed  during 
the  comparisons.  This  probable  error  is  equivalent  to  1/2  270  000th 
part  of  the  tape  length. 

The  probable  errors  of  the  rates  of  expansion  of  the  tapes  given  in 
equations  (7)  and  (8)  are  ±  0-0021"'"'  and  ±  0-0032™™,  and  for  the  sake 
of  uniformity  we  may  adopt  the  mean  of  these,  or  ±  0-0026™™,  as  a 
working  value  for  either  tape. 

With  these  values  of  the  probable  error  of  a  tape  length  at  its  mean 
temperature  and  the  probable  error  of  the  rate  of  expansion,  it  follows 
that  the  probable  error  of  a  tape  length  at  any  temperature  t  is  given 
by  the  expression 

zt  I  (0-044™™)*  +  (0-0026™™)*  (^-^o)*  I  *,  (9) 

wherein  to  =  16-89°  C.  for  tape  85, 
=  15-72        for  tape  88. 

The  values  given  by  expression  (9)  for  such  extreme  temperatures  as 
Oo  and  30^  C.  are  ±  0062™™  and  ±  0-055™™,  respectively,  for  tape  No  85, 
and  ±  0-060™™  and  :t  0-058™™,  respectively,  for  tape  No.  88.  The 
square  root  of  the  average  of  the  squares  of  the  errors  given  by  (9) 
between  0°  and  30^,  8upv>osing  all  temperatures  within  these  limits  of 
equal  frequency,  is  A:  0-050™™.  Hence  it  is  concluded  that  for  such 
temperatures  as  are  likely  to  be  had  in  the  use  of  these  tapes,  the 
probable  errors  of  their  absolute  lengths  will  not  on  the  average  exceed 
i  0-05™™,  or  1/2  000  000th  part  of  their  length. 

(17)  Practical  form  of  equations  of  tapes. — For  the  purposes  of  com- 
putation it  is  most  convenient  to  combine  the  products  of  the  mean 
temperatures  by  the  rates  of  expansion  in  equations  (7)  and  (8),  of 
section  14,  with  the  mean  excesses  over  20^,7.  Thus,  making  this  com- 
bination, omitting  the  probable  errors,  and  adding  the  numerical  value 
of  Bij  as  given  in  Chapter  11,  section  23,  we  have 

mm.  mm. 

Tsj  =  20  Byj  +  3-86  +  1-0947^, 
Tea  =  20  B,7  +  6-31  +'l0914e, 
B,j  =  5"  -  18-0*', 
Standard  tension  =  25  pounds  9  ounces. 

In  these,  t  is  expressed  in  degrees  of  the  centigrade  scale,  and  B^  is 

8.  Ex.  37—28 
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the  length  of  the  steel  5"'  bar  No.  17  wlieii  in  melting  iee.     Introdueiug 
the  value  of  i^i:  there  result,  finally,  for  the  equations  of  these  tax>es 

m,       mm.  mm, 

rj>5  =  100  +  s-'iO  +  I -milt, 

7'„;,  =  100  +  5-l>ri  +  l-0!r4/, 
iStanclard  tension  =  1^5  x)ouiids  i)  ounces. 
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chapter  v. 

Measurement  op  Holton  and  St.  Albans  Bases  with  thb 

Tape  Apparatus. 

A. — holton  base  measurement. 

(1)  Location  of  base  and  preparation  for  measurement, — Holton  Base 
is  a  line  in  the  Transcontinental  Chain  of  Triangulation  along  or  near 
the  thirty-ninth  parallel  of  latitude.  It  is  situated  near  the  village  of 
Holton,  Kipley  County,  Ind.  It  is  about  5  500°*  long,  and  extends  in 
a  nearly  north  and  south  direction  across  what  is  known  as  the  Craw- 
fish Flats.  As  will  be  inferred  from  this  designation,  the  ground  along 
the  line  is  generally  level,  although  a  few  rather  abrupt  changes  in 
altitude  are  met  in  crossing  the  drainage  courses. 

This  base  was  located  in  1890  by  Assistant  Mosman,  who  made  a 
preliminary  measure  of  its  length  with  a  50™  tape  the  same  year.  Early 
in  the  following  summer  Assistant  Mosman  set  the  terminal  and  section 
stones  of  the  base  and  provided  all  materials  requisite  to  the  measures 
made  with  the  100'"  tapes. 

During  August,  1891,  the  marking  and  support  stakes  for  the  meas- 
ures with  the  long  tapes,  were  set  under  the  supervision  of  the  writer. 
The  support  stakes  were  set  at  equidistant  int>ervals  of  10°»  throughout 
the  length  of  the  line,  except  on  the  standard  kilometre  section,  where 
the  microscope  posts  for  the  iced-bar  apj)aratus  rendered  such  stakes 
unnecessary.  The  tapes  were  supported  on  steel  wire  nails  driven  to 
the  depth  of  2*5*^"  into  the  stakes.  Since  these  nails  projected  horizon- 
tally from  the  stakes  for  a  distance  of  about  12*^™,  no  great  precision 
was  essential  in  placing  the  support  stakes  along  the  line.  The  mark- 
ing stakes,  which  fell  100™  apart,  were  aligned  with  considerable  pre- 
cision, and  the  support  nails  were  placed  at  closely  equal  intervals  of 
10™  by  the  method  explained  in  section  5,  Chapter  iv. 

(2)  Measurements  of  the  sections  of  the  ftewe.— Since  the  tape  apparatus 
used  was  new  and  untried,  except  in  the  experiments  of  the  Botanical 
Garden  and  in  the  comi)arisons  on  the  100™  comparator,  it  was  essen- 
tial to  a  considerable  extent  to  develop  the  methods  of  operation  suit- 
able to  field  measurement  as  the  work  progressed.  At  the  same  time 
that  this  work  was  under  way,  the  work  of  tai)e  comparisons,  and  the 
preparation  for  and  measurement  of  the  standard  kilometre  with  the 
iced-bar  apparatus,  were  also  in  progress;  while  the  employes  of  the 
l)arty  were  often  needed  for  other  work  conducted  by  Assistants  Mos- 
man and  Tittmann.  Hence  no  attempt  was  made  to  measure  the  whole 
base  on  any  one  date;  but  the  various  sections  were  measured  from 
time  to  time  as  opportunities  occurred.    The  earliest  measures  were 
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made  on  the  section  5  000«>  to  5  500"  during  the  last  days  of  Angast^ 
1891,  and  the  work  continued  at  intervals  until  October  8,  1891.  The 
several  sections  were  measured  from  six  to  thirty  times  each,  the 
largest  number  of  measures  being  made  on  the  kilometre  section,  who^e 
precise  length  was  designed  to  give  a  thorough  test  of  the  effectiveness 
of  tape  apparatus. 

Most  of  the  measures  of  the  sections  were  made  at  night,  but  a  con- 
siderable number  also  were  made  during  cloudy  or  partly  cloudy  days. 
Some  of  the  latter  were  made  under  circumstances  of  wind,  rain,  and 
sunshine,  which  would  now  be  considered  quite  unfavorable;  but  since 
it  was  desired  to  learn  as  much  as  practicable  in  the  allotted  time  oon- 
cerning  the  behavior  of  the  tapes,  a  wide  variety  of  circumstances  was 
purposely  encountered. 

In  general,  the  measures  were  made  by  laying  each  tape  length  once 
as  the  work  proceeded  along  a  section.  In  a  few  cases,  however,  the 
experiment  was  tried  of  laying  eafjh  tape  length  from  two  to  five  times 
and  reading  the  thermometers  as  many  times;  and  in  order  to  make 
these  measures  independent,  the  rear  end  of  the  tape  at  starting  was 
placed  successively  in  coincidence  with  marks  a  centimetre  apart.  This 
experiment  served  to  give  an  idea  of  the  error  in  laying  or  placing  a 
tape  length. 

In  all  these  measures  but  two  thermometers  were  used,  and  these 
were  read  but  once  for  each  tape  length.  When  a  sufficient  number  of 
operatives  were  available  the  thermometers  were  carried  and  read  by 
observers  who  did  naught  else  but  assist  in  carrying  the  tape.  At 
other  times  the  thermometers  were  carried  and  read  by  the  observers 
who  fixed  the  ends  of  the  tape.  In  the  former  ease,  the  thermometers 
were  held  at  arm's  length  by  light  strings  so  that  the  bulbs  were  near 
to  and  at  about  the  same  height  from  the  ground  as  the  tape;  while  in 
the  latter  case  the  thermometers  were  suspended  fiom  a  nail  or  brad- 
awl attached  to  a  support  stake  so  as  to  fall  in  about  the  same  relative 
position  with  respect  to  the  tape  as  before.  In  both  cases,  the  ther- 
mometers were  placed  at  20"'  from  the  tape  ends.  The  same  thermome- 
ters used  in  the  determinations  of  length  of  the  tapes  on  the  100"  com- 
parator were  used  also  in  the  field  measures,  and  the  thermometer 
corrections  given  in  section  10,  Chapter  iv,  were  applied  in  computing 
the  tape  temperatures  for  these  measures. 

In  all  measures  of  the  sections  of  Holtou  Base,  Mr.  J.  S.  Siebert  was 
the  observer  at  the  rear  end  of  the  tape  and  E.  S.  Woodward  at  the 
front  end.  During  the  earlier  measures  the  temperatures  were  observed 
for  the  most  part  by  Messrs.  O.  H.  Tittmann  and  J.  F.  Hayfoird.  The 
records  were  kept  by  Messrs.  HayforJ  and  Robert  Penington. 

{3)  Determination  of  grade  correctiorut. — The  differences  m  height  of 
the  marking  stakes  or  tables,  essential  to  the  computation  of  grade 
corrections,  were  measured  in  duplicate  by  Messrs.  J.  S.  Siebert^  Th. 
^^  Ojertsen,  and  J.  F.  Hayford. 
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The  method  of  computing  grade  corrections  from  such  data  is  very 
simple  and  easy.  Thus,  let  h  be  the  difference  in  altitude  of  two  con- 
secutive marking  tables,  or  what  is  essentially  the  same  things  the 
difference  in  altitude  of  the  two  ends  of  the  tape  when  placed  in  meas- 
urement over  these  tables.  Let  s  be  the  length  of  the  tape  or  right 
line  distance  between  its  terminal  graduations  when  in  place  over 
these  tables.  Then  if  we  call  c  the  grade  correction,  or  the  quantity 
which  must  be  added  to  «  to  give  its  horizontal  projection. 


whence 


c  +  «  =  y/s^  —  A*, 


c  —  —  2«  -  ^^  - 


8? 


•  •  •  • 


Since  s  is  in  general  large  in  comparison  with  A,  this  series  for  c  con- 
verges very  rapidly.    For  a  100°*  tape 


Ss' 


<  0-01»°»  for  h  <  2-9'°. 


Values  of  A  as  great  as  3"*  are  rarely  met.    Hence  for  such  length  of . 
tape,  in  nearly  all  cases, 

e  in  millimetres  =  5  (i^  in  metres)*. 

The  grade  corrections  for  the  sections  of  Holton  Base  were  computed 
in  the  field  by  J.  S.  Siebert  and  E.  8.  Woodward,  and  revised  subse- 
quently, in  1892,  by  M.  V.  Safford  and  Woodward.  Table  I  following 
gives  the  grade  corrections  for  the  several  sections  of  the  base.  The 
zero  end  of  the  line  is  here  taken  as  coincident  with  its  southern  ex- 
tremity, or  South  Base.  The  section  3900™  to  4900"*  is  the  standard 
kilometre  measured  with  the  iced  bar  apparatus. 

Table  I. — Grade  corrections  for  sections  of  Holton  Base. 


Section. 

0*-1200*. 

Section 
iaoo*-aioo". 

Section 
aioo"'-3ooo*. 

Section 
3000*  -3900"'. 

Section 
3900--4900-. 

SeotioQ 
49oo"-5ooo*-. 

Section 
So^o^-ssoo". 

mm. 
— 2502 

mm. 
— 1-64 

mm. 
—5-92 

mm. 
—49-83 

mm. 
—5-39 

mm. 
—0-84 

mm. 
—872 

(4)  Correction  for  index  error  of  balances. — If  the  spring  balance  used 
to  give  tension  to  the  tape  is  adjusted  to  give  correct  tensions  when 
in  a  vertical  position,  it  will  indicate  (by  its  face  readings)  less  than  the 
actual  tension  when  in  a  horizontal  position.  Such  balances  are  liable 
also  from  wear  and  other  causes  to  have  an  appreciable  index  correction. 

To  determine  the  actual  tension  in  any  case  with  such  balances,  let 
r  be  the  index  correction.  It  is  the  reading  of  the  index  when  the  bal- 
ance is  vertical,  hook  end  down,  and  without  load  on  the  hook;  it  is 
minus  when  the  index  reads  greater  than  zero  and  phis  when  it  reads 
less.    Let  B  be  the  reading  of  the  index  when  the  balance  is  8usiyieud<^ 
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by  its  hook,  hook  end  up.  Let  W  be  the  total  weight  of  the  balance 
found  by  weighing  it  on  another  balance.  Then  if  Ti  denote  the 
observed  or  face  reading  of  the  balance  when  horizontal  and  T  denote 
the  corresponding  actual  tension — 

T  =  Ti  +  r  +  J  ( T^  -  JB  -  r ) 

=  T,  +  i  (W  - 12  +  r). 

The  standard  tension  adopted  in  all  the  base-line  measures,  as  well 
as  in  all  the  determinations  of  the  tape  lengths  on  the  lOO""  comparator, 
is  25  pounds  9  ounces,  this  being  the  value  of  T  when  the  balances  are 
horizontal,  when  they  are  free  from  index  error,  and  when  they  read 
25  pounds  even.  We  are  concerned  here,  then,  only  with  the  excess  of 
the  actual  over  the  observed  or  nominal  tension  in  any  case;  but  in 
order  to  show  the  data  for  these  excesses,  which  apply  to  the  tape  com- 
parisons as  well  as  to  the  measures  of  the  sections  of  the  base,  we  give 
the  observed  values  of  TT,  JB,  and  r  and  the  resulting  values  of 
J(Tr—  JB  +  r)  for  both  balances  in  full  in  Tables  II  and  III  following. 
The  last  column  of  these  tables  gives,  also,  the  corresponding  correc- 
tions to  the  standard  length  of  the  tape.  These  corrections  are  found 
by  multiplying  the  excess  of  ^{W  —  B-\-r)  over  9  ounces  by  0"047*"", 
the  observed  elongation  of  the  tape  per  ounce  excess  in  tension  when 
the  actual  tension  is  near  to  the  standard  value,  25  pounds  9  ounces. 
Later  determinations  of  this  constant  indicate  that  it  should  be 
increased  to  about  0'050"*"*  per  ounce,  but  the  value  given  above  was 
used  in  the  actual  computation.    (See  section  5,  Supplement  B.) 

It  should  be  observed  that  the  value  -|-  O-IO'""'  was  used  in  the  com- 
putations for  the  correction  to  the  tai)e  length  when  under  tension  of 
balance  No.  52  for  the  dates  August  6  to  September  18,  1891,  and  the 
mean  value  -f  0-44""'"  for  the  dates  September  25  to  October  3.  In 
addition,  it  may  be  remarked  that  the  variations  in  the  values  of  W 
and  R  were  due  partly  to  the  occasional  removal  of  the  extra  hooks 
from  the  balances,  while  the  large  change  in  r  in  the  ease  of  No.  52  was 
the  result  of  an  accident  to  that  balance.  It  was  used  but  little  after 
this  accident,  although  tlie  computed  correction  due  to  it  in  this  case 
could  have  given  rise  to  no  appreciable  error. 

Table  II. — Data  for  tensions  by  spring  balance  JTo.  5^. 


Resulting 

Date. 

fK 

R 

r 

\(ll'-K^r) 

correction  to 
tape  length. 

1891. 

Oiiftres. 

Ounces. 

Oufiies. 

Ounces. 

Millimetrei. 

Aug.      6 

50-0 

320 

00 

+  90 

-fooo 

30 

495 

280 

^-3*5 

125 

-f    16 

Sept.      3 

44-5 

23-5 

-Ty2 

12-1 

+  -15 

18 

450 

235 

+3-2 

12*4 

4-  -16 

25 

442 

17-0 

-j-9-8 

18-5 

+  -45 

Oct.       3 

490 

22*2 

4-95 

181 

+  -43 
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Resulting 

Date. 

If 

R 

r 

1 

correction  to 
tape  length. 

1891. 

Ounti's. 

Ounces. 

Oufices. 

Ounces. 

Millimetres. 

Aug.       6 

50-0 

355 

—3-5 

-T-5-5 

—01 6 

30 

495 

35-2 

—30 

5-6 

•16 

Sept.     25 

49-2 

350 

--3-0 

5-6 

•16 

Oct.        3 

44*5 

302 

—3*2 

5-6 

•16 

8 

44-8 

30-2 

—3-5 

5-6 

—    16 

(5)  Specimen  of  record  and  computation. — A  form  of  record  suitable 
for  tape  mcaatires  will  readily  suggest  itself  to  the  reader;  but  for  the 
sake  of  completeness,  and  in  order  to  present  data  for  the  computa- 
tion of  the  measured  value  of  a  section,  a  specimen  of  the  records 
actually  made  in  the  Holton  Base  work  is  given  below  in  Table  IV: 

Table  IV. — Specimen  of  Record.    Holton  BasCj  September  5, 1891. 

[Measure  of  standard  kilometre.] 


No.  of 
tape 

Time  of 
day. 

Thermometer  readings- 

Remarks. 

Icngthr 

No.  5601. 

No.  5599. 

Mean  /. 

«C. 

«C. 

I 

6-37 

13-4 

130 

13-20 

Steel  tape  No.  88.    Tension  25  pounds 

2 

•42 

136 

13-3 

13-45 

by  balance  No.  52. 

3 

•46 

133 

13-5 

13-40 

Index  correction  -f-3-2  ounces. 

4 

•50 

130 

132 

I310 

5 

•53 

12*8 

132 

1300 

Measure  begins  at  south  end  of  kilo- 

6 

•56 

12-4 

123 

12-35 

metre. 

7 

•59 

12*4 

12*6 

1250 

Cloudiness  0-0. 

8 

705 

12*6 

127 

12-65 

Set  back  loo-o™™  at  rear  end  of  No.  3. 

9 

•09 

11-8 

123 

12-05 

Set  back    80-2™™  at  rear  end  of  No.  8. 

10 

•12 

12*1 

12*5 

12-30 

North  end  of    loth  tape    length  was 
1 0-6™°*  north  of  terminal  mark. 

The  computation  of  the  length  of  the  standard  kilometre  from  the 
datji  given  in  the  above  table  may  be  made  as  follows: 

The  actual  or  working  length  of  the  tape  T,  say,  may  be  most  con- 
veniently expressed  in  the  form 

T=A  +  a+aty 

wherein  A  is  the  nominal  length  of  the  tape,  a  round  number  of 
metres  or  lengths  of  some  standard;  a  is  a  small  excess  over  that 
round  number;  a  is  the  rat'C  of  expansion  of  the  tape,  and  ^is  the 
tape's  temperature  in  degrees  centigrade.  Then  the  sum  of  JT  such 
lengths,  t  being  supposed  to  vary  from  one  length  to  another,  will  be 

ST^yA  +  ya+aSt. 

To  this  sum  must  be  applied  the  sum  of  the  set-ups,  the  sum  of  the 
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end  corrections,  and  the  grade  correction  for  the  wliole  section  of  N 
tape  lengths. 

Thus,  to  ilhistrate  by  means  of  the  data  in  Table  IV  above,  we  have, 
first,  from  section  17  of  Chapter  IV,  for  the  length  of  tape  No.  88, 

Tm  =  20^17  +  6-31°»™  +  1-0914™"  t 

for  the  standard  tension  of  25  poauds  9  ounces.  The  tension  in  this 
case  was  3*2  ounces  in  excess  of  the  standard  value,  and  hence  the 
tax>e  was,  as  explained  in  section  4  above,  0*16°*°*  longer  than  the 
standard  length  just  given.    We  have,  therefore, 

A  =  20B„, 

a  =  +  6'31™"  +  0*16™"  =  +  6'47"", 

a  =  1-0914"", 

-»r=io. 

Likewise,  from  Table  IV,  the  sum  of  the  observed  temperatures  is 
128-00'*,  and  the  sum  of  the  corrections  to  this  for  errors  of  the  ther- 
mometers used  is  —  2*12o,  as  found  from  the  table  of  thermometer  cor- 
rections given  in  section  10,  Chapter  IV;  so  that  there  results 

2t  =  125-88°. 

The  several  terms  of  the  computation  are,  then,  the  following: 

yA  =200^,„ 

Na  =  +  64-70™, 

a2t  =  +137-39, 

Sum  of  set-ups  =  —180-20, 

Sum  of  end  corrections  =  —  10-60, 

Grade  correction  =  —    5-39, 

Resulting  length  =  2005,^,  +     5-90. 

In  this  particular  case  a  correction  of  —  0-4"*"'  is  to  be  added  to  the 
resulting  length  in  order  to  refer  it  to  the  kilometre  as  measured  with 
the  iced-bar  apparatus,  the  reference  marks  for  the  tape  measures  hav- 
ing been  to  that  extent  eccentric  with  respect  to  the  terminal  cut-oif 
spheres. 

The  computations  of  the  lengths  of  the  sections  of  Ilolton  Base  were 
made  in  the  field  in  1891  by  Messrs.  Siebert,  Hayford,  and  Woodward. 
They  were  revised  in  1892  by  MessrvS.  Saffbrd  and  Woodward. 

(6)  Results  of  the  measures  of  the  sections  of  Holton  Base. — Table  V 
following  gives  all  of  the  results  obtained  from  the  various  measures 
of  the  several  sections  of  Holton  Base.  The  first  column  of  the  table 
gives  the  date  of  the  measure;  the  second,  the  time  of  day  when  the 
measure  was  made;  the  third,  the  number  of  the  tape  used;  the  fourth, 
the  direction  in  which  the  measure  proceeded ;  the  fifth,  the  mean  tem- 
perature of  the  tape  for  the  measure;  the  sixth,  the  temperature 
range  for  the  measure,  or  the  difterence  between  the  highest  and 
lowest  observed  temperatures;  the  seventh  indicates  by  the  letters 
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F,  R,  V  whether  the  temperature  was  falling,  rising,  or  variable  during 
the  course  of  the  measure;  the  eighth  gives  the  degiee  of  cloudiness, 
estimated  on  a  scale  of  tenths;  and  the  ninth  column  gives  the  length 
of  the  section,  computed  in  the  manner  explained  above,  in  terms  of 
the  iced  bar  i?,7,  the  excess  over  a  round  number  of  tape  or  bar  lengths 
having  been  measured  with  a  millimetre  scale.  Results  for  length 
obtained  from  measures  made  before  sundown  are  inclosed  in  square 
brackets. 

Table  V. — Results  of  measures  of  Holton  base. 

fSection  south  base  to  1,300*  stone,  840  Bif.} 


Date. 


1891. 
Sept.      I 

4 

4 
16 

16 

16 

16 


Tim^  of  day. 


5:55-  6:39 
8:04-  8:44 
8:52-  9:46 
7:03-  7:56 
8:12-  8:59 
9:20-10107 
10:14-11:03 


P- 
a. 


m. 
m. 

m. 


No. 

of 

tape 

used. 


88 
88 
88 
88 
88 
88 
88 


Direction  of 
measure. 


S.  to  N. 
N.      S. 


S. 

N. 
S. 

N. 
S. 


N. 
S. 

N. 
S. 

N. 


Tempera- 

Mean 
tempera- 
ture. 

Tem- 
pera- 
ture 

ture  fall- 

inpr,  F: 

rising,  R; 

Cloud- 
iness. 

range. 

van- 
able,  V. 

0 

0 

1777 

4-1 

F 

O'O 

1390 

09 

F 

I-O 

15-44 

49 

R 

I-O 

19*20 

1-4 

F 

O'O 

1825 

1-2 

F 

o-o 

18-03 

1-8 

F 

0-0 

1842 

2-8 

R,F 

0-0 

Length  of 
section. 


mm. 

+  41*3 

[32-0 
[181] 

3»*4 

385 
282 

320 


[Section  x.aoo*  stone  to  a, 100*  stone,  180  Bif.} 


Sept     2 
3 


5:59-  6:25  p.  m. 
4:46-  5:09    • 
9:52-10:30  a.  m. 

6:53-  7:25  p.  m. 
7:44-  8:15 
8:24-  8:58 
9:07-  9:34 
9:40-10:10 


88 
88 
88 
88 
88 
88 
88 
88 


S.  to  N. 

N.      S. 


S. 

N. 

S. 

N. 

S. 

N. 


N. 

S. 

N. 

S. 

N. 

S. 


19*10 

2-6 

F 

0-2 

1805 

1*4 

F 

1-0 

16-68 

2-6 

F 

I-O 

19-31 

1-2 

V 

o-o 

1 8- 20 

I-O 

V 

o-o 

17-82 

0-9 

V 

0-0 

17-15 

1-6 

F 

00 

16-74 

2-4 

R 

0-0 

—  23-0 

27-5 

[405] 
277 
274 

29-0 
26*9 
26-0 


[Section  a,ioo*  stone  to  3,000*  stone,  x8o  ^ly.] 


Sept. 


3 

3 

4 
18 

18 

19 
19 


2:Ol-  2:30  p.  m. 
4:21-  4:42 
10:3^-11:09  a.  m. 
7:40-  8:33  p.  m. 
8:47-  9:23 
7:50-  8:17 
8:30-  9:06 


88 
88 
88 
88 
88 
88 
88 


S.  to  N. 

N.   S. 


S. 

N. 

S. 

N. 

S. 


N. 
S. 
N. 
S. 

N. 


2392 

3-4 

F 

0-8 

19-69 

0-8 

F 

0'9 

I6I6 

i-i 

V 

I-O 

17-82 

1-8 

V 

o-o 

17-16 

1-9 

F 

O-O 

18-33 

1-4 

F 

o-o 

17-07 

09 

V 

o-o 

+ 


528 

62.0 

'580' 

70-9" 

71-4 

73*3 
68-1 


(Section  3,000*  stone  to  3,900*  stone,  x8o  Bu.] 


Sept. 


3 

3 
18 

18 

19 
19 


2:41-  3:33 
3:35-  4:12 
6:38-  7:37 
9:32-10:16 
6:48-  7:32 
9:14-  9:55 


p.  m. 


88 
88 
88 
88 
88 
88 


S.  to  N. 
N.      S. 


S. 
S. 

N. 
S. 


N. 
N. 
S. 
N. 


23-45 

1-7 

V 

0-7 

21-98 

2-4 

F 

0*9 

18-62 

1-7 

V 

0-0 

16-51 

3-0 

F 

0-0 

18-56 

1*3 

V 

00 

16-25 

2-2 

F 

0-0 

-h 


[ 


[8-0] 

I5-7J 

22*3 
18-4 
20-8 

19-3 
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Table  Y.—Beiult> 

ofmtaaure*  ofHolUm  Biwe— Contioaed. 

[S«11<H,,i.9«>-«on 

[0  4,a«,- 

tone,  0 

r  sliudaf 

kilomci 

«.™«„.!                         1 

Temperi- 

No, 

Mnn 

t™- 

lure  (Ill- 

Date. 

Timeoid.y. 

up* 

Dim  lion  of 

rising,  r!: 

rioud- 

Length  of 

nngB. 

«b£.'v. 

(891. 

o 

0 

mm. 

Sept.     8 

S^^S-  5:5*  P'"- 

oN. 

I4'8j 

3-0 

F.R 

+     3-3 

8 

5^53-  6:33 

88  1  N. 

S. 

13-52 

18 

V 

o-o 

+  i-s 

S 

6:37-  7:13 

N. 

..-58 

K 

+    5-5 

23 

6:17-  7:03 

88 

N, 

S. 

2072 

14 

V 

—    2-4 

33 

7:16-  7:49 

88 

S. 

N. 

1990 

1-6 

V 

-     3-6 

23 

7:56-  8:23 

88 

N. 

S. 

1943 

16 

p 

"     *? 

=3 

B-37-  9;3» 

88 

N. 

i8-6s 

I'S 

V 

30 

6:33-  7:" 

S8 

N. 

'3-94 

a-4 

R 

o-o 

-i        0-. 

30 

7:17-  7:55 

88 

S. 

N. 

'JS? 

27 

F 

0-0 

-     0-6 

Oct.       I 

6:S0-  7;2S 

ss 

N. 

S. 

1852 

0-5 

F 

00 

—    a-3 

7:3a-  8:07 

B5 

S. 

N. 

1807 

2-8 

V 

+     '5 

6:48-  7;  18 

85 

N. 

S. 

1988 

V 

+     >-4 

7:25-  7:55 

85 

S. 

N. 

'9-45 

16 

R.F 

+     3-1 

3 

1:56-  3:18 

85 

N. 

S. 

2403 

2-4 

F.R 

0-9 

-    S' 

3 

3;z&-  3:4s 

S5 

S- 

N. 

31'62 

F,  R 

0-9 

—   41 

3 

3:53-  4:13 

Ss 

N. 

S. 

2S-16 

1-5 

F 

09 

—    6-9 

3 

4:17-  *38 

>s 

S. 

N. 

I2'S6 
1409 
1422 

2*5 

V 

09 

~s 

7 

■""""'"■ 

8s 

N. 

S. 

I4I6 
653 

2-4 

2-6 

3'S 

F,  R 

0-8 

8 

7:44-  8:4s  p.  m. 

88 

N, 

S. 

6-S4 
6-55 
6-51 
575 

1-6 
16 
1-9 

R,F 

0-2 

+  VI 

4-    1-7 

-f        2-1 

—    ao 

S 

8:S3-  9-5S 

SS 

S. 

N. 

5-84 
587 
5-S9 

'■3 

R.F 

0-6 

—  0-9 

—  "-4 

—  o-o 

[S,>cli 

n  ,.«»-  n 

nelQ 

OOO-  BlDH 

e.-e,,.] 

.          __l 

Aug.  a? 

4=24             p.  m. 

88 

N. 

oS. 

20'32 

0-7 

-[5.4] 

38 

7=37 

88 

N. 

s. 

11-44 

«*. 

1408 

SS-9 

14-48 

S6-9 

Oct.       7 

9-30-  9-55  a.m. 

85   .  N. 

s. 

14-4S 

0'5 

V 

0-3 

SS6 

1383 

SS-9 

1403 

55  « 

S-75 

'557 

S75 

S5-3 

S 

10:05-10:08  p.  m. 

88 

N. 

s. 

570 
5-65 
S-6S 

V 

0-6 

557 
55*4 

SS-4 

[S,.dtio 

,,,«,-  BIO 

QBlQS 

ooo-slon 

, .«  E„- 

1 

Ang.   n 

4:24-  5:10  p.  m. 

SS     S 

oN. 

2oj6 

02 

V 

0-7 

+C8039I 

zS 

7=37-  8:13 

88     S. 

N. 

05 

8 

F,R 

808-9 

ag 

5:58-  6::o 

SS     N. 

16 

: 

F.R 

0-2 

8o8j 

3' 

4;3S-  5107 

SS     S. 

N. 

67 

F 

0-6 

[800-4] 

3' 

5:51-  6:03 

88  ,  N. 

17 

yl 

F 

0-3 

807-6 

3> 

6:07-  6:17 

SS     s. 

N. 

16 

'15 

8 

<} 

80S-0 

3" 

6:21-  6:33 

88  !  N. 

S. 

■  S-Sb 

F 

0-2 

80S3 
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(7)  Interpretation  of  results. — It  is  esseutial  to  a  proper  interpretation 
of  tbe  results  iu  the  above  table  to  state  certain  additional  information 
relative  to  the  conditions  under  which  the  measures  were  made. 

The  day  measures  of  September  3,  1891,  were  made  during  the  after- 
noon of  a  day  whose  earlier  piart  had  been  hot  and  sultry.  The  field 
notes  of  the  measures  of  this  day  state  that,  although  the  sky  was  gen- 
erally cloudy,  the  tape  and  thermometers  were  occasionally  exposed  to 
the  direct  rays  of  the  sun.  The  measures  of  September  4  were  made 
while  a  strong  breeze,  rising  to  a  gale  at  intervals,  was  blowing  This 
breeze,  accompanied  by  more  or  less  rain,  sufficed -at  times  to  blow  the 
tape  when  under  tension  off  its  supports.  For  these  reasons  the  results 
of  September  4  can  not  be  regarded  as  at  all  trustworthy  in  compari- 
son with  results  obtained  under  ordinarily  favorable  conditions. 

The  day  measures  of  the  standard  kilometre  of  October  7  were  made 
at  a  time  of  general  cloudiness,  but  the  tape  and  thermometers  were 
exposed  at  intervals  to  direct  sunshine.  When  the  sun  appeared  on 
this  date  the  measures  were  suspended  until  the  clouds  again  cut  off 
his  rays,  but  in  a  number  of  cases  the  later  measures  of  the  set  of  five 
made  on  this  occasion  were  not  completed  before  the  sun's  heat  was 
manifest  in  the  thermometer  readings. 

The  night  measures  were  made,  in  general,  at  times  when  dew  was 
deposited  to  a  greater  or  less  extent  in  open  fields.  The  only  marked 
exception  to  this  rule  applies  to  the  measures  of  the  standard  kilometre 
of  September  23,  1891.  The  night  of  this  day  was  an  unusually  warm 
and  dry  one,  and  the  wooded  portion  of  the  kilometre,  which  is  about 
600™  long,  had  a  notable  store  of  radiant  heat. 

The  measures  of  the  short  section  between  the  4900"  and  6000™  stone 
of  August  27  and  28,  1891,  present  a  wide  divergence  from  the  later 
measures  of  the  same  section.  These  earlier  measures  were  the  first 
made  with  the  apparatus  in  the  field,  and  it  was  in  laying  this  par- 
ticular tape  length  that  the  operatives,  with  the  exception  of  Siebert 
and  Woodward,  acquired  their  first  experience.  On  these  dates,  also, 
a  temporary  and  rather  unstable  marking  table  was  used  at  the  4900°* 
stone,  pending  the  preparation  of  a  rigid  post  which  served  subse- 
quently as  a  microscope  post  at  the  terminus  of  the  standard  kilometre, 
and  as  a  stable  support  for  the  marking  table  used  in  the  tape  measures 
of  September  and  October.  For  these  reasons  the  measures  of  August 
27  and  28  must  be  regarded  as  untrustworthy  iu  comparison  with  the 
later  measures  of  this  short  section. 

All  of  the  measures  save  those  of  August  27  and  28  and  September 
4,  alluded  to  above,  were  made  under  favorable  conditions,  it  is  believed, 
so  far  as  the  manipulation  of  the  apparatus  was  concerned. 

With  these  explanations  in  mind  attention  may  now  be  called  to  a 
marked  peculiarity  exhibited  by  all  the  results  of  the  day  measures 
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except  that  of  August  27  of  the  short  section  4900™  to  6000".  A  glance 
at  Table  V  shows  that  those  results  are  all  small  relatively  to  the 
results  of  the  night  measures  save  in  the  siugle  instance  noted.  Dis- 
regarding those  measures  of  August  27  and  September  4^  concerning 
which  there  are  grave  doubts  as  already  explaine<l,  the  discrepancy  in 
question  is  most  marked  in  the  results  of  August  27  and  31  (Section 
6000™  to  I^orth  Base),  September  3  (Section  2100™  to  3900™),  and  October 
7  (Section  3900™  to  4900™).  It  appears,  also,  from  the  measures  of 
August  31  (Section  6000™  to  North  Base),  September  3  (Section  1200» 
to  2100™),  and  October  3  (Section  3900™  to  4900"')?  that  this  discrepancy 
disappears,  or  tends  to  do,  so  with  the  going  down  of  the  sun.  The 
unexpected  fact  thus  brought  to  light  is  that  under  the. conditions  pre- 
sented by  the  dates  cited,  the  thermometers  gave  a  temperature  too 
low  for  the  tape  by  amounts  ranging  up  to  about  a  degree  Centigrade 
at  the  maximum.  How  this  fact  is  to  be  explained  I  am  unable  to  say 
at  present,  but  of  its  existence  there  can  be  no  doubt.  It  is  probably 
due  to  the  differing  capacities  of  the  tape  and  thermometers  for  ab80ii>- 
tion  and  radiation  under  different  conditions. 

In  view  of  this  peculiarity  of  the  day  measures  it  becomes  essential 
to  inquire  carefully  into  the  behavior  of  the  tai)e8  in  the  night  measures 
during  which  the  conditions  as  to  radiation  differed  much  less  from 
those  of  the  100™  comparator  whereon  the  tape  equations  were  deter- 
mined. The  data  for  this  inquiry  are  furnished  by  the  measures  with 
the  tai)es  of  the  standard  kilometre,  whose  length  was  determined  with 
the  iced  bar,  as  explained  in  Chapter  III,  and  we  proceed  to  examine 
these  measures  in  detail  in  the  following  section. 

(8)  Oonclimon^t  from  tape  measuren  of  standard  kilometre. — In  order  to 
give  a  clear  idea  of  the  performance  of  the  tapes  in  the  numerous 
measures  of  the  standard  kilometre,  a  summary  of  those  measures  is 
drawn  up  in  Table  VI  following.  The  first  column  of  this  table  gives 
the  date  of  a  set  or  group  of  measures;  the  second  gives  the  limitiug 
times  of  the  date  within  which  the  set  of  measures  was  made;  the  third 
gives  the  number  of  measures  in  the  set;  the  tburth  gives  the  mean  of 
the  results  for  length  of  the  kilometre,  and  the  last  column  gives  the 
error  of  the  mean  length  for  any  date,  the  true  length  of  the  kilometre 
being  assumed  to  be  200^^7  +  0*2™™  as  found  from  the  iced-bar  measures 
and  given  in  Chapter  III,  section  12.  The  results  from  the  day  measures 
are  inclosed  in  square  brackets: 
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Table  VI. — Summary  of  results  of  tape  measures  of  kilometre. 


Date. 

Time  of  day. 

No.  of 
measures. 

Mean  lenf^h  for 
date. 

Actual  error 
of  meiui. 

1891. 

p.  fft. 

mm. 

mm» 

Sept.      8 

5:25-  7:12 

3 

200^,7-f  34 

+     3*2 

23 

6:27-  9:32 

4 

—  2-8 

—    30 

30 

^•33"  7:55 

2 

—  0*2 

—    04 

Oct       I 

6:50-  8:07 

2 

—  04 

—    o*6 

2 

6:48-  7:55 

2 

+    2-2 

+      2'0 

3 

2:56-  4:38 
a.  m. 

4 

-[4-4] 

-  [4-6] 

7 

10:02-11:31 
/.  ni. 

5 

-[9-8] 

—[100] 

8 

7:44-  9:58 

8 

—   0-2 

—    0-4 

It  is  clear  from  the  results  in  this  table  that  the  errors  of  the  night 
measures  are  small  in  comparison  with  those  of  the  day  measures. 
The  mean  of  the  night  measures,  giving  weights  to  the  tabular  means 
proportional  to  the  number  of  results  on  which  they  depend,  is  200 5|, 
+  0-0"™,  which  differs  but  0'2™'"  from  the  value  derived  from  the  iced 
bar  measures.  The  maximum  error  of  any  group  mean  from  the  night 
measures  is  3'2™™,  or  1/300  0(K)th  part  of  the  kilometre;  and  the  aver- 
age error  of  such  group  means  (disregarding  weights)  is  only  1*6™™,  or 
1/600  000th  part  of  the  kilometre.  On  the  other  hand,  the  day  meas- 
ures are  largely  in  error  and  in  one  direction  only,  the  maximum  error 
of  one  group  mean  being  1/100  000th  part  of  the  kilometre. 

It  seems  safe  to  conclude,  therefore,  from  these  measures  of  the 
standard  kilometre,  that  the  temperatures  of  the  tapes  when  used  at 
night  in  the  open  air  were  substantially  as  well  defined  by  the  mercu- 
rial thermometers  as  when  used  under  the  shed  of  the  100™  comparator. 
Moreover,  this  conclusion  is  substantiated  so  far  as  it  can  be  by  the 
evidence  aiforded  by  the  measures  of  the  other  sections  of  the  base, 
which  do  not  present  a  single  well-defined  exception  to  the  rule  that 
the  day  measures  are  relatively  short. 

In  accordance  with  this  conclusion,  we  shall  use  the  night  measures 
only  in  deriving  the  adopted  mean  lengths  of  the  several  sections  of 
the  base.  It  may  be  observed,  however,  that  another  method,  which 
does  not  require  the  rejection  of  the  day  measures,  is  available  for 
the  determination  of  the  mean  lengths  of  those  sections.  This  method 
consists  in  deriving  the  working  lengths  of  the  tapes  for  the  day  meas- 
ures from  the  day  measures  of  the  standard  kilometre  whose  length 
wfis  measured  precisely  with  the  iced-bar  apparatus.  A  glance  at  the 
data  shown  in  Table  V  makes  it  apparent  that  this  method  would  bring 
the  day  measures  into  close  agreement  with  the  night  measures  of 
any  section.  The  computation  according  to  this  method  has  been  made, 
and  the  resulting  mean  lengths  of  the  sections  will  be  given  below. 
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It  will  be  remarked,  also,  that  tbe  numerous  Dight  measaree  o 
BtaDdard  kilometre  afi'ord  auAicieiit  data  for  a  {;ood  determioati 
the  equations  of  tbe  tapes,  especially  for  tape  No.  88,  nince  the  tem 
ture  range  for  it  in  the  kilometre  iiieaBures  is  about  15°  C.  Bi 
shown  above,  tlie  equattoiis  of  the  tapes  derived  from  observatioi 
the  100*"  comparator  are  in  so  close  accord  with  those  data  that 
is  DO  need  of  appealing  to  them  for  supplementary  information  con 
ing  the  eqnations  of  the  tapes  for  the  night  work. 

Finally,  attention  may  he  called  to  the  substantial  agreement 
each  other  and  with  the  true  value  of  tbe  means  of  the  night  meai 
of  the  standani  kilometre  from  the  two  tapes.  These  meant 
200Bi7  +  0-!)"""  for  tape  No.  S."»  and  200B„  —  0-2"""  for  tap©  No.  88. 
actual  errors  of  these  measures  are  thus,  with  respect  to  the  ice< 
value  (200B„  +  0-2'»»),  only  +  0-7"""  and  -  0-4""»,  which  are  in 
case  less  than  the  millionth  part  of  the  length  of  the  line. 

(9)  Mean  valves  of  lengtkn  of  nectinm  of  bane. — As  stated  in  the 
ceding  section,  the  lengths  we  shall  adopt  for  the  sections  of  the 
will  be  made  to  depend  on  the  night  measures  only,  for  the  r< 
that  tliesi;  were  nmde  under  circumstances  closely  comparable 
those  which  obtained  on  the  1(H>'"  comparator  in  determining  the  < 
tions  of  the  tapes.  It  will  be  of  interest,  however,  to  see  to  what  e] 
the  mean  lengthsof  tbe  sections  and  the  length  of  the  whole  basen 
be  aft'eetcd  if  the  day  measures  were  included  and  given  equal  wt 
along  with  the  night  measures.  Likewise,  it  will  beinstractive  tol 
the  eft'eet  of  the  inclusion  of  the  results  of  the  day  measures  when 
puted  by  means  of  working  lengths  of  the  tapes  derived  ftxtm  the 
measures  of  the  standard  kilometre.  Accordingly,  the  valaeaii 
result  from  each  of  these  three  suppositions  are  given  in  Table 
following.  The  data  for  this  table  are  derived  from  Table  V",  The 
column  designates  the  section  of  the  base.  The  second  column  j 
the  mean  length  of  the  section  derived  from  the  night  measures  a 
these  being  considered  of  equal  weight.  The  third  column  gives 
mean  length  of  the  section  derived  by  considering  all  day  and  i 
measures  of  the  same  weight.  The  fourth  cohimn  gives  the  mea 
equal  weights  of  all  measures  of  a  section  after  the  day  measarea 
been  increased  by  0'74"""  per  tnpo  length.  The  results  of  Augiii 
and  28  for  the  short  section  4  OOO"'  to  5  OOO"  and  those  of  Septeml 
for  the  sections  South  Base  to  3  OUO'"  are,  however,  excluded  ii 
first  and  third  of  these  computations  for  the  reasous  given  in  seoti 
The  correction  +  ()-74"""  \h-v  tape  length  is  a  nu-an  of  tbe  correc 
fiirnished  by  the  kilometre  measui-es  of  October  :i  and  7.  A  more 
cise  value  might  be  derivc<i,  it  is  believed,  by  making  such  corr© 
depend  on  the  time  of  day,  since  tbe  evidence  indicates  that  tbe 
in  question  was  due  to  solar  riuliation ;  but  the  data  are  insafiloie 
justify  such  a  degree  of  retiuement. 
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Table  Vll, — Mean  values  of  lengths  of  sections  of  Holton  Base. 


Section  of  base. 

Mean  of  night 

Mean,  including  uncor- 
rected day  meaBures. 

Mean,  including  cor- 
rected day  measures. 

m. 

ffitn. 

lUfft* 

fHtn, 

South  Base>i200 

I200-2IOO 

240^17 -h    34*3 
180      —   27-0 

240^17-f    3»7 
180      —   28-5 

240^iT+    34*3 
180      —   27*0 

2100-3000 
3000-3900 

180      +    70*9 

180        -}-     20-2 

180      -f    65-2 
180      +    17-4 

180      -f   68-6 
180      -j-    19*6 

3900-4900 

200      -l-      0*0 

200       —       2-2 

200      -|-     o*4 

4900-5000 
5000-North  Base 

20      —    555 
100      -h  8082 

20       —    55*2 
100        -f  806-5 

20      —   553 
100      +  807*5 

South  Base  to  North 

Base. 

1100^,7+851-9 

iiooi5,7+  8349 

1100^,7+8481 

It  will  be  observed  that  the  meaDS  in  the  third  column  of  this  table 
are  in  every  case  smaller  than  the  corresponding  values  in  the  second 
column,  so  that  there  can  be  no  doubt  of  the  wide  divergence  of  the 
day  measures  from  the  night  measures  obtained  with  the  apparatus  as 
used  on  the  Holton  Base.  The  total  length  of  the  base  found  by 
including  the  day  measures  is  17'0™™  shorter  than  that  found  by  exclud- 
ing them.  This  amounts  to  1/325  000th  part  of  the  length  of  the 
base.  This  total  length,  however,  is  affected  to  a  marked  extent  by 
the  measures  of  September  4,  made  during  rain  and  wind  as  already 
explained.  These  adverse  circumstances  altord  sufficient  reason  for  the 
rejection  of  those  measures;  but  it  is  proper  to  explain  that  the  gen- 
eral effect  of  the  wind  on  this  date  was  to  increase  the  distance  between 
the  terminal  marks  of  the  tape,  and  hence  to  make  the  resulting  com- 
puted Ipingths  of  the  sections  measured  too  small.  This  arose  from  the 
fact  that  the  wind  blew  briskly  from  a  northerly  direction,  or  nearly  in 
the  direction  of  the  base,  and  hence  it  tended  to  straighten  and  thus 
increase  the  working  length  of  the  tape,  just  as  a  strong  breeze  tends  to 
straighten  a  string  attached  to  a  fixed  point  at  one  end  or  to  render  it 
parallel  to  the  direction  of  the  current,  which  is  in  general  horizontal. 
The  maximum  increase  which  such  a  cause  could  produce  in  the  dis- 
tance between  the  terminal  marks  of  the  tape  as  used  is  1'55™*".  This 
increase  is  much  greater,  of  course,  than  any  which  is  likely,  but  it 
seems  probable  that  a  quite  appreciable  fraction  of  that  amount  per 
tape  length  entered  as  an  actual  error  into  the  measures  of  the  date  in 
question. 

As  to  the  results  in  the  last  column  in  Table  VII,  it  may  be  said  that 
their  agreement  with  those  of  the  second  column  is  fairly  satisfactory. 
It  appears,  however,  that  the  day  measures  are  not  sufficiently 
increased. 

(10)  Errors  of  measurement. — Tlie  errors  which  give  rise  to  the  dis- 
crepancies between  different  results  for  the  length  of  a  line  measured 
with  a  long  tape  may  be  conveniently  divided  into  the  two  following 
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classes:  (1)  Errors  of  manipniation,  or  errors  incident  to  the  mere 
operation  of  placing  or  laying  a  tape  length.  They  include  errors  dne 
to  lack  of  coincidence  of  the  terminal  marks  of  the  tape  with  the  defin- 
ing marks  on  the  zinc  or  other  marking  plates,  errors  due  to  incorrect 
tension  of  the  tape,  errors  due  to  friction  of  the  tape  on  its  supports,  and 
errors  due  to  defective  alignment  of  the  tape.  (2)  Temperature  errors. 
These  include  all  errors  tending  to  give  incorrect  temperatures  to  the 
tape,  except  such  constant  errors  of  the  thermometers  as  may  affect  all 
measures  alike. 

Kelatively,  the  second  class  of  errors  is  by  far  the  most  formidable, 
since  they  tend  at  times  toward  the  constant  type  of  errors,  but  it  \» 
important  also  to  give  such  information  as  is  available  with  respect  to 
the  minor  source.  Accordingly  we  shall  endeavor  to  separate  the  two 
classes  of  error. 

It  may  be  remarked  that  the  errors  of  manipulation  enumerated 
above  are  all  of  the  compensating  sort,  except  that  due  to  defective 
alignment  of  the  tape.  This  error  must,  however,  be  very  small,  since 
flipping  the  tape  when  under  tension  tends  to  make  it  perfectly  straight 
on  its  supi)orts.  Even  if  the  middle  of  a  100"  tape  lay  one  decimetre 
to  one  side  of  the  straight  line  joining  its  ends  (an  error  of  alignment 
which  may  be  regardcMl  as  impossible)  the  resulting  length  would  be 
in  error  only  0'2""";  so  that  errors  of  this  kind,  it  is  believed,  are  abso- 
lutely negligible. 

It  appears  from  an  inspection  of  the  results  in  Table  V,  especially 
those  for  the  length  of  the  standard  kilometre,  that  any  set  of  measures 
of  a  section  made  within  a  short  interval  of  time  was  affected  by  more 
or  less  persistent  temperature  errors.  This  is,  as  already  explained, 
very  marke<l  in  the  case  of  the  day  measures  as  compared  with  the 
night  measures;  but  the  latter  exhibit  also  some  traces  of  the  same 
sort  of  error,  which  arises,  it  is  thought,  from  the  relatively  constant 
conditions  of  radiation  pertaining  to  any  short  line  during  a  limited 
period  of  time.  The  full  range  of  the  resultant  error  of  measurement, 
therefore,  can  be  expected  to  ap])ear  only  in  numerous  measures  of  a 
section  made  under  widely  varying  conditions.  Measures  satisfying 
this  requirement  were  made  on  the  standard  kilometre.  The  various 
measures  of  the  other  sections  of  the  base,  when  taken  as  a  whole, 
satisfy  the  requirement  also,  and  we  thus  have  two  independent  sets 
of  data  for  determining  the  aggregate  probable  error  of  measurement 
of  a  section. 

In  computing  this  error  we  shall  consider  the  night  measures  only, 
since  they  alone,  as  shown  by  the  measures  of  the  standard  kilometre, 
conform  to  the  adopted  equations  of  the  tapes,  and  they  alone  are  used 
in  deriving  the  adopted  length  of  the  base. 

The  standard  kilometre  was  so  accurately  known  from  the  iced  bar 
measures  of  it  that  the  discrepancies  shown  by  the  tape  measures  may 
be  treated  as  actual  errors,  and,  other  things  equal,  as  affording  tho 
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best  data  for  estimating  the  probable  error  of  a  single  measure  of  a 
kilometre.  The  residuals  found  by  subtracting  the  iced  bar  value  of 
this  kilometre  (200  B^  +  0'2'"™)  from  the  several  night  measures^  taken 
individually,  range  from  —  4*5'""*  to  +  5'3'"™.  The  number  of  these 
residuals  is  21  and  tlie  sum  of  their  squares  is  117-2;  so  that  the  proba- 
ble error  of  a  single  night  measure  of  the  standard  kilometre  was 

On  the  other  hand,  if  we  consider  all  the  niglit  measures  of  the  sev- 
eral sections,  including  the  standard  kilometre  (but  excluding  the 
short  section  of  100"»  for  the  reason  that  one  tape  length  does  not  afiford 
an  opportunity  for  the  development  of  the  errors  in  question),  there 
are  in  all  46  measures  of  6  sections.  These  sections  vary  in  length 
from  500™  to  1,200™,  and  hence  it  is  essential  to  have  recourse  to  weights 
in  order  to  derive  the  probable  error  of  one  measure  of  a  kilometre. 
Assuming  that  the  resultant  error  desired  is  of  the  compensating  class, 
the  weights  of  the  different  sections  will  vary  inversely  as  their  lengths; 
and  if  we  call  the  weight  of  one  measure  of  a  kilometre  1,  the  weight 
of  one  measure  of  a  section  n  tape  lengths  long  (nlOO™)  will  be  10/n. 
In  order  to  exhibit  the  data  furnished  by  the  several  sections  for  the 
probable  error  desired,  the  details  are  brought  together  in  Table  VIII 
below.  The  first  column  of  the  table  gives  the  designation  of  the  sec- 
tion; the  second  gives  the  number  of  measures  of  the  section;  the  third 
gives  the  range  among  those  measures;  the  fourth  gives  the  weight  of 
the  section ;  and  the  fifth  gives  the  sum  of  the  weighted  squares  of  the 
residuals  found  by  comparing  the  individual  measures  of  a  section  with 
their  mean. 

Table  VIII. — Data  for  error  of  measurement 


Section. 

No.  meas- 
ures of 
section. 

Range  of 
results. 

Weight/. 

Orr] 

fn.          fn. 
o  to  I200 
I200        2IOO 
2IOO         3000 

3000     3900 
3900     4900 
5000     5500 

21 

fnfn. 

131 
6'0 

5-2 

3*9 
9-8 

1-3 

10/12 
10/9 
10/9 
10/9 

I 
2 

97*^6 

23':>9 

I'  40 

/80 

J  658 

1-82 

The  total  sum  of  the  quantities  [pvv]  in  the  above  table  is  265*55. 
Hence  the  probable  error  of  one  measure  of  a  kilometre  as  shown  by 
them  is 


dt  0-6745 


V 


265-55 
40-6 


=  ±  1-74 


8.  Ex.  87—29 
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• 

Tbis,  it  will  be  seen,  is  slightly  larger  than  the  value  derived  from 
the  kilometre  measures  alone. 

Now,  by  means  of  this  value  and  the  data  afforded  by  the  determina- 
tions of  the  tape  lengths  on  the  lOO*"  comparator,  it  is  possible  to. 
derive  an  estimate  of  the  magnitude  of  the  error  due  to  manipulation. 
By  reference  to  Chapter  lY,  section  14,  it  is  seen  that  the  error  of  one 
determination  of  a  tape  length  on  the  comparator  was  ±  0*20™",  and 
this  is  due  almost  wholly  to  error  in  the  assigned  temperature  from  the 
mean  of  six  thermometer  readings.  Assuming  that  the  temperature 
errors  were  no  greater  in  field  work  than  on  the  comparator,  the  proba- 
ble error  of  one  tape  length  from  the  mean  of  two  in  place  of  six  ther- 
mometer readings  should  be  ±  0'20°™™  y/SJ  and  hence  the  probable 
error  in  the  length  of  a  kilometre,  or  the  sum  of  10  tape  lengths,  should 

be  db  0'20""»  \/36  =  ±  l*!""".  Since  the  probable  error  of  measure- 
ment due  to  all  sources  of  error  was  found  above  to  be  i  1*7"»«»,  at  most^ 
we  infer  that  the  probable  error  due  to  errors  of  manipulation  in  one 
measure  of  a  kilometre  is 

It  appears,  then,  that  the  probable  errors  due  to  the  two  classes  of 
error  (error  of  manipulation  and  error  of  temperature)  were  about  equal 
in  the  case  of  the  night  measures  of  Holton  Base.  Some  doubt  may  be 
entertained  as  to  the  correctness  of  the  above  estimate  of  ±  i*i«"  for 
the  probable  error  due  to  temi^erature  errors.  Subsequent  experience, 
on  St.  Albans  Base,  in  181)2,  under  somewhat  different  conditions,  as 
explained  in  sections  20-27  below,  does  not  confirm  this  estimate,  but 
seems  to  show  conclusively  that  the  error  of  operation  is  quite  negligible 
in  comparison  with  that  of  the  temperature. 

(11)  Probable  errors  of  mean  lengths  of  sections,  (a)  Probable  errors 
due  to  errors  of  measurement. — The  mean  lengths  of  the  sections  we 
shall  adopt  are  those  given  in  the  second  column  of  Table  VII  above. 
The  probable  errors  of  these  mean  vahies  may  be  derived  in  two  ways, 
namely:  First,  by  considering  the  several  measures  of  a  section  by  them- 
selves; second,  by  considering  the  measures  of  all  the  sections  as  a  con- 
nected group  of  observations  with  weights  dependent  on  the  lengths  of 
the  sections  for  the  individual  measures  and  weights  dependent  on  the 
numbers  of  measures  of  the  sections  for  their  mean  lengths.  The  data 
for  these  two  probable  errors  for  the  several  sections  and  the  resulting 
values  of  the  errors  are  given  in  Table  IX  below.  The  first  column  of 
the  table  designates  the  section;  the  second  gives  the  number  of  meas- 
ures of  the  section  m;  the  third  gives  the  sum  of  the  squares  of  the 
discrepancies  between  the  individual  measures  of  a  section  and  their 
mean,  which  sum  is  denoted  by  [vv\ ;  the  fourth  column  gives  the  weight 
of  the  section  j?,  which  is  the  reciprocal  of  the  number  of  tape  lengths 
in  the  section,  unit  weight  being  here  attributed  to  one  measure  of  a 
single  tai)e  length,  or  100">;  the  fifth  column  gives  the  sum  of  the 
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weighted  squares  of  the  residuals,  or  [pw],  and  the  last  two  colamna 
give  the  jirobable  errors  of  the  mean  valuui  of  the  sections  computed 
from  the  formulas 


.  (1)  =  ±  0-6745    /l^lL,  and  (2)  =  ±  0-6745    /     lP'i?l_. 


,  and  (2)  =  ±  0-6745 
Table  IX. — Data  for  and  probable  errors  of  mean  lengths  of  sections. 


Section, 

No.  mcF^ 

i'-^] 

weieht/. 

Ptob»ble  error. 

(■) 

<•) 

1100-3000  . 
3000-3900 
3900-4900 
4000-5000 
5000-5500 

5 

7 

4 

5 
5 

UTSS 

1.6-sS 
014 
091 

1/13 

'/9 
V9 

I/IO 

«/5 

; 

55 

40 

54 

98 
66 

d 
d 

™-™4 
:  -48 
r  73 

-  '06 
t    15 

mm. 

It  will  he  observed  thnt  the  probable  errors  in  the  last  two  columns 
of  the  above  table  agree  fairly  well,  and  thus  justify  the  assumption 
that  the  errors  of  measurement  with  the  tape  apparatus  are  of  the  com- 
pensating sort,  or  that  tlie  aggregate  error  of  measurement  increases 
as  the  square  root  of  the  distance  measured.  We  conclude,  also,  that 
the  probable  errors  ('2)  are,  on  the  whole,  the  more  trustworthy,  since 
they  are  not  umiuly  affected  by  the  excessively  large  or  the  excessively 
small  errors  which  appear  in  the  measures  of  some  of  the  sectious. 

The  probable  error  of  laying  a  single  tape  length,  as  shown  by  the 
process  (2),  is  ±  0-524""".  Heuce  the  probable  error  of  one  measure  of  a 
kilometre  is,  by  this  process, 

±  0-524"'"'  ^/T©=  ±  l-ee-"; 

and  this  may  be  regarded  as  the  most  trustworthy  value  afforded  by 
the  measures  of  Holton  Base. 

The  probable  error  of  measurement  in  the  whole  length  of  the  base 
is,  if  we  regard  the  measures  of  the  different  sections  as  wholly  inde- 
pendent, the  sqaare  root  of  the  sum  of  the  squares  of  the  probable 
errors  (1)  in  Table  IX.  This  value  is  ±  1-99""'.  On  the  other  hand,  by 
the  process  (2)  the  probable  error  of  the  whole  length  of  the  base  is 

/12      9      9      9      10      1        \ 
±  0-524»"(  5  +^.^^  +  ^  +  ^-^  +  3+l^=±  1.65"-". 

These  are  eqiiivulent  to  the  1/2  770  000th  and  the  1/3  330  000th  part, 
respectively,  of  Jhe  whole  base. 
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{b)  ProbaI)le  errom  due  to  crrorn  of  ftipe  leniftks.^The  probable  * 
of  the  abKoliitc  Ivii^tlt  orfirlter  of  the  liHV  taped  nseil  in  the  iiieaK 
of  Holtoii  Base  muiy  be  hikeu  as  not  I'x^ict'ding  4: 0-d.!""",  as  rIiowi 
the  diacuHMiou  in  aectiou  16,  Ohapter  IV;  and  we  shall  adopt  this 
ittng  value  in  compntiiif;  the  probable  errors  of  the  absolute  lengl 
the  sections.  Multiplying  this  error,  ±  O-dS""",  by  the  nnmbers  of  i 
lengths  per  seetion,  there  result  tor  the  proltable  errora  of  the  sev 
sectioas  from  this-source 

m,      m.        mm. 
Section        0-1200  ±  0-60, 

1200-2100  ±    -45, 

2100-3000  ±    -45, 

3000-31(00  J:    -4.1, 

300O-41KM)  i    -rrfl, 

4900-5(MH)  ±    -05, 

5000-.'i.l0<l  ±  -25. 
It  Ib  worthy  of  remark  that  tliese  errors  arc  in  every  ease  but 
smaller  than  the  errors  of  measurement  shown  in  Tabli-  IX  above, 
exceptional  case  \»  that  of  the  standard  kilometre,  who^e  athtpted  n 
length  depends  on  twenty-one  measures.  The  probable  error  of 
whole  base  due  to  this  source  is  ±  Co  x  O-O-'i"""  =  ±  2-7»""",  or  1/2  000  Ot 
part  of  the  base. 

(12)  Adopted  lengths  and  errorg  of  sectionii, — Collecting  the  n: 
lengths  of  the  HCcCions  given  in  the  second  column  of  Table  VII, 
combining  the  probable  ermrs  in  tlie  last  column  of  Table  IX!  with  tl 
given  under  (b)  of  the  preceding  sectitm,  there  result  for  the  lengthi 
adopt  fur  tlio  Hevural  sections 


Bection 


1.       m.  mm.      mm. 

0-1200  =  2-107J„+    34-3  ±1-01, 


1200-2100  =  180 
2100-3000  =  180 
3000-3000  =  180 
3900-4000  =  200 
4aOH-.-rf)00=  20 
5000-5500  =  100 


-  27-0  ±  -75, 
+  700  ±  -90, 
+  20-2  ±  -90, 
+     0-0  ±  -1(3, 

-  55-r.i  -24, 
+  808-2  ±  -58, 


B„  =  5'"  -  IS-O". 

{13}  Adopttd  length  and  probable  error  of  Uolton  Base  at  meas\ 
icitk  the  tapes, — The  h'ligth  wo  adopt  for  Holton  liasc  as  measured 
rednced  to  sea  level)  is  the  sum  of  the  len^thsof  its  parts  given  in 
preceding  section;  that  is, 

1100/f„  +  a-|l-»'"™, 

B„  =  5""-18-o.'' 

The  probable  error  of  this  value,  so  far  as  it  dei>ends  on  errors  of  m 


wherein 
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nrement  or  those  developed  in  the  repeated  measures  of  the  sections, 
is  given  under  (a)  of  section  12  as  ±  1*99""  or  l'C5'""',  according  as  we 
adopt  the  process  (1)  or  the  process  (2)  of  that  section.  The  probable 
error  in  the  whole  length  due  to  error  in  the  adopt^^d  tape  lengths  is, 
as  stated  in  (b)  of  section  12,  d=  55  x  0-05'"™  =  ±  2-76™'".    . 

It  remains  to  consider  the  possible  effects  of  errors  of  grades  and 
alignment.  These  errors,  though  quite  negligible  in  the  length  of  a 
single  section,  may  yet  rise  to  an  appreciable  quantity  in  the  length  of 
the  whole  base. 

As  to  errors  in  grade  corrections,  it  will  be  observed  that  they  are 
of  the  compensating  class,  since  errors  in  determining  the  differences 
in  altitude  of  consecutive  marking  tables  are  as  likely  to  be  of  one  sign 
as  another.  The  grade  correction  c  for  any  tape  length,  as  explained 
in  section  3,  is  given  by 

where  h  is  the  difference  in  altitude  of  the  two  ends  of  the  tape  and  8 
its  length.    The  effect  of  an  error  Ah  in  h  is  expressed  by 

^^  ^  ^   ^^ 

For  a  constant  value  of  Ah,  therefore,  the  value  dc  will  vary  as  h.    The 

greatest  value  of  h  for  the  tape  lengths  on  Holton  Base  was  1*72", 

giving  rise  to  a  value  of  14*79"™  for  c.    Since  the  values  of  h  were 

measured  by  two  different  observers  at  different  times,  and  since  all 

discrepant  values  were  redetermined,  it  seems  impossible  that  an  error 

as  great  as  2*^*"  could  have  entered  any  adopted  h.    In  the  case  of  the 

above  maximum  value  of  ^,  the  error  in  c  due  to  an  error  Jh  =  2<^ 

would  be 

Ac  =  (14-79'°'°)  X  4/172  =  0-34' 


Imm 


The  average  value  of  h  for  the  base  was  less  than  0'4™,  so  that  the 
average  correction  for  grade  was  thus  less  than  0'8""»  per  tape  length. 
Hence,  since  the  errors  under  consideration  are  of  the  compensating 
sort,  it  is  believed  that  their  aggregate  effect  on  the  whole  line  was 
inappreciable. 

Errors  of  alignment  in  tape  measures  may  manifest  themselves  in 
two  ways.  In  the  first  place,  the  tape  as  stretched  from  length  to 
length  may  not  be  parallel  to  the  base.  A  lack  of  parallelism  with  the 
base  to  the  extent  of  a  decimetre  in  the  length  of  a  tape  lOO"*  long 
would  give  rise  to  an  error  of  0*05"",  Similarly,  any  departure  of  the 
tape  from  a  vertical  plane  through  its  ends  wnnld  give  rise  to  an  error 
of  the  same  sort  and  sign.  In  the  second  place,  any  imperfections  in 
the  alignment  of  the  support  nails  to  a  uniform  slope  for  any  tape 
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length  would  also  produce  a  cumulative  error.  Both  of  theae  align 
meut  errors  make  the  measured  length  of  the  base  too  great.  Both 
errors  are,  however,  very  small.  An  error  as  great  as  0'2""'  fh>m  crook- 
edness of  the  tape  with  resi)ect  to  a  vertical  plane  through  its  ends  is, 
it  is  thought,  of  very  rare  occurrence.  Errors  due  to  defects  in  setting 
the  support  nails  to  a  uniform  grade  must  be  smaller  per  tai)e  length 
than  the  former  and  of  still  rarer  occurrence.  The  method  of  setting 
the  supx)ort  nails  is  so  easy  and  accurate  that  an  error  in  position  as 
great  as  1***"  can  arise  only  through  accidents  or  blunders. 

Notwithstanding  the  indications  that  the  errors  in  grades  and  align- 
ment are  negligible,  we  shall  attribute  ±  1""™  as  a  probable  error  to 
each  of  these  sources,  since  it  is  possible  that  some  blunders  occurred 
in  this  first  application  of  the  method  and  apparatus. 

With  respect  to  the  two  errors  of  measurement,  ±  1-99""  and  ±  1-66"", 
given  above,  we  shall  adopt  the  larger,  in  order  that  the  precision  may 
be  underestimated  rather  than  overestimated. 

Collecting  the  several  indei)endent  probable  errors,  which  are  to  be 
combined  to  produce  the  resultant  probable  error  of  the  base,  we  have 
the  following  statement: 

Probable  error  due  to  errors  of  measurement  ±  1'99™"», 
Probable  error  due  to  errors  in  grade  ±  1*00, 

Probable  error  due  to  errors  of  alignment       ±  1*00, 
Probable  error  due  to  errors  of  tape  length     ±  2- 76. 

Taking  the  square  root  of  the  sum  of  the  squares  of  these,  there 
results  for  the  total  probable  error  of  the  base  as  measored  with  the 
tapes 

±  3-68"~. 

This  is  equivalent  to  the  1  /I  500  OOOth  part  of  the  base. 

For  the  measured  length,  th(Mi,  of  Ilolton  Base,  when  expressed  in 
terms  of  the  International  Metre,  we  may  write 

11007?,;  +  851 -O*""*  +  S-GS™"* 
=  5500-832°>  ±  3-08°"". 

(14)  Data  for  rednction  to  sea  level. — The  heights  of  the  marking 
tables  used  in  the  tape  measures  were  all  determined  with  reference  to 
the  tops  of  the  marking  stones  at  the  ends  of  the  base.  The  stone  at 
north  base  was  found  to  be  2-61™  above  the  stone  at  south  base.  The 
average  heights  of  the  tape  lengths  for  the  several  sections  above  the 
stone  at  south  base  are  given  in  the  following  statement.  The  valaes 
are  derived  by  taking  the  average  of  the  half  sums  of  the  heights  of 
the  ends  of  the  several  tax)e  lengths  for  the  sections.  The  slopes  of 
the  sections  as  measured  with  the  tapes  are  so  gentle  that  these 
average  values  are  amply  accurate  for  computing  the  reductions  to  sea 
leveL 
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Average  height  of  tape  above  south  base : 

Section  south  base  to  1200*"  stone  4-45™, 
1200™  stone  to  2100'«  stone  6-46, 
2100"  stone  to  3000'«  stone  5-49, 
3000™  stone  to  3900™  stone  3-48, 
3900™  stone  to  4900™  stone  4-63, 
4900™  stone  to  north  base    3-99. 

B.— ST.   ALBANS  BASE  MEASUREMENT. 

(15)  Location  of  ba^e  and  preparation  for  measurement, — St.  Albans 
base  is  a  line  in  the  transcontinental  chain  of  triangulation  along  or 
near  the  thirty-ninth  parallel  of  latitude.  It  is  situated  in  the  valley 
of  the  Great  Kanawha  river,  near  the  village  of  St.  Albans,  Kanawha 
County,  West  Virginia.  It  is  about  3  900™  long,  and  extends  in  a 
nearly  east  and  west  direction  along  a  closely  level  i)ortion  of  the  val- 
ley. It  is  on  the  north  side  of  and  is  parallel  to  the  Chesapeake  and 
Ohio  railway,  the  west  end  being  17-8™  and  the  east  end  18-4™ 
from  the  nearest  rail  of  the  main  track  in  1892. 

This  base  was  located  in  the  summer  of  1891  by  Sub- Assistant 
Walter  B.  Fairfield.  The  terminal  marking  stones  were  provided  and 
set  under  the  direction  of  Assistant  Mosman  during  the  autumn  of  the 
same  year.  A  profile  of  the  line  and  a  determination  of  its  height 
with  respect  to  an  adjacent  triangulation  station  of  known  height 
were  also  made  under  Assistant  Mosman's  direction  by  Mr.  J.  S. 
Siebert. 

This  base  was  measured  with  the  tape  apparatus  in  the  early  part 
of  October,  1892,  by  a  party  in  charge  of  the  writer,  aided  by  Assist- 
ant E.  E.  Haskell,  Recorders  M.  V.  SaflFord  and  Orville  G.  Brown. 
The  line  was  cleared  of  brush,  brambles,  grass,  and  other  obstacles, 
and  the  marking  and  support  stakes  for  the  tapes  were  set  during  the 
days  October  1-9,*  1892. ,  These  stakes  were  set  10*°  apart,  and  the 
marking  stakes  were  all  carefully  aligned  with  a  theodolite.  Special 
pains  were  also  taken  in  this  Work  to  make  the  spacing  of  the  support 
nails  uniform  and  to  bping  thein  accurately  into  coincidence  with  the 
line  of  slope  for  any  tape  length.  Some  special  provision  had  to  be 
made  for  supporting  the  tapes. at  an  elevation  of  3™  to  5°^  for  two  tape 
lengths  where  the  line  crossed  a  ravine.  But  the  supports  for  these 
two  tape  lengths  wepe  no  less  stable  than  at  other  parts  of  the  line, 
and  no  difficulty  was  met  in  handUng  the  tapes  successfully  at  such 
altitudes. 

(16)  Measurements  of  the  base. — ^A  measure  of  the  base  was  made 
during  the  afternoon  of  October  10  with  the  100™  steel  tape  Ko.  85  in 
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order  to  afford  practice  in  roanipalating  the  apparatas  to  the  opera- 
tives, all  of  whom,  except  the  writer,  had  had  no  experience  with  the 
apparatus.  In  this  practice  measure  no  record  was  kept  of  the  set-ups, 
and  some  tape  lengths  were  omitted,  so  that  no  results  can  be  derived 
from  it.  The  work  of  actual  measurement  was  begun  on  October  11 
and  continued  until  October  14.  Two  measures  of  the  base,  one  in 
each  direction,  were  made  at  night  with  each  of  the  steel  tapes  Kos. 
85  and  88;  and  a  daytime  measure,  in  bright  sunshine,  was  made  with 
tape  No.  88. 

In  calfthe  measures,  Mr.  E.  E.  Haskell  was  the  observer  at  the  rear 
cud  of  the  tape  and  Mr.  R.  S.  Woodward  the  observer  at  the  front  end. 
The  thermometers  from  which  the  tape  temperature  was  inferred  were 
also  read  by  these  observers.  An  additional  thermometer  with  a 
bright  bulb,  as  explained  more  fully  below,  was  read  at  the  middle  of 
the  tape  by  Mr.  M.  V.  Saflford,  who  also  attended  to  the  operation  of 
flipping  the  tai)e  and  assisted  in  carrying  it  forward.  The  records 
were  kept  by  Mr.  Orville  G.  Brown.  The  whole  number  of  operatives 
employed  in  the  work  was  ten. 

The  base  was  divided  into  four  sections.  These  were  all  nearly  one 
kilometre  in  length,  except  the  easternmost  one,  which  was  about  869". 
The  fractional  part  of  a  tape  length,  namely,  69*°,  in  this  latter  case, 
was  measured  on  the  tape  when  under  the  usual  tension ;  60"  of  this  firac- 
tion  (or,  rather,  three-flfths  of  a  tape  length)  was  obtained  directly  from 
the  20™  sub-spaces  on  the  tapes,  while  the  remaining  portion  of  9", 
about,  was  measured  by  means  of  an  auxiliary  15"  Ghesterman  steel  tape 
divided  to  millimetres.  The  particular  portion  of  the  latter  tape  used 
was  tested  on  the  Mural  Standard  of  the  Survey  on  returning  firom  the 
field,  and  found  to  accord  sufficiently  well  with  its  nominal  value.  The 
whole  fraction  of  a  tape  length  (GO'"  about)  was  on  each  occasion  fixed 
on  the  tape  by  means  of  a  light  transverse  line  ruled  with  a  brad  awL 
The  distance  between  the  60^"  mark  on  the  tape  and  the  temiK)rai7 
line  was  measured  in  each  case  with  the  auxiliary  tape  immediately 
after  ruling  this  line,  but  as  an  additional  check  the  same  distance  was 
remeasured  in  the  daytime,  so  that  it  is  practically  certain  that  no 
appreciable  error  enters  this  fractional  part  of  a  tape  length. 

The  several  positions  of  the  tapes  were  marked  on  zinc  plates  which 
were  left  in  position  until  the  work  was  completed,  when  they  were 
numbered,  oriented,  and  filed  as  part  of  the  records.  The  <*  set-ups" 
and  '^  setbacks"  made  were  measured  and  recorded  at  the  time,  but 
they  were  all  carefully  remeasured  by  daylight,  so  that  no  appreoiablB 
errors  from  this  source  can  enter  the  measures. 

The  measures  were  referred  directly  to  the  terminal  marks  in  the 
monuments  at  the  ends  of  the  base  and  to  the  marking  plates  at  the 
intermediate  ends  of  the  sections.  These  plates  were  nailed  to  very 
stable  stakes,  and  there  was  no  indication  of  any  appreciable  move- 
ments of  them  during  the  short  period  of  four  days  covered  by  the 
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measures.  Any  such  movements,  however,  which  might  take  place 
from  day  to  day  would  not  aftect  the  interval  between  the  terminal 
stones,  since  the  base  was  measured  continuously  from  end  to  end 
whenever  any  measurement  was  made. 

(17)  Determination  of  grade  corrections. — The  differences  in  altitude 
of  the  consecutive  marking  tables  wore  measured  independently  by 
Messrs.  Haskell  and  Safford.  Whenever  any  discrepancies  appeared, 
the  work  was  re-examined  by  them,  and  it  is  believed  that  the  adopted 
differences  are  trustworthy  within  half  a  centimetre  in  every  case, 
while  the  two  largest  of  those  differences  were  determined  with  a  much 
greater  precision. 

The  maximum  difference  in  height  of  the  tables  for  any  tape  length 
was  3*571™,  which  gives  a  grade  correction  of  63'76™"™.  The  average 
difference  in  height  per  tape  length  for  the  several  sections  counting 
Irom  the  west  end  were  0-37«»,  0-89™,  0-29",  and  0-18". 

The  grade  corrections  were  computed  in  duplicate  by  Messrs.  Safford 

and  Woodward,  and  the  following  are  the  resulting  values  for  the 

several  sections: 

mm, 

Section  West  Base  to  Stake  10  -^   8-52, 

Stake  10  to  Stake  20  —  93-58, 

Stake  20  to  Stake  30  —    7-20, 

Stake  30  to  East  Base  —   3-40. 

(18)  Determinations  of  tape  temperatures. — ^Mercurial  thermometers 
of  the  same  sort  as  those  used  on  Hoi  ton  Base  were  used  to  give  the 
tape  temperatures  in  the  measurement  of  St.  Albans  Base.  But  in  the 
hope  that  the  thermometers  could  be  made  to  follow  the  tape  tempera- 
tures with  greater  certiiinty  the  aluminum  sheaths  used  in  the  Holton 
work  were  replaced  by  steel  sheaths.  These  were  made  of  very  thin 
steel  tape  which  was  coiled  into  cylinders  just  long  and  large  enough 
to  slip  over  the  thermometer  bulbs  and  clasp  their  st^ms.  By  anneal- 
ing, the  surface  of  these  coils  was  given  a  dull  black  color  closely 
resembling  that  of  the  measuring  tapes.  A  disadvantage,  however,  of 
these  steel  sheaths  over  the  aluminum  ones  lies  in  their  greater  mass, 
which  is  about  0*50  grammes,  and  is  about  three  times  the  ma«s  of 
the  aluminum  sheaths.  This  increase  in  mass  caused  a  notable  lagging 
of  the  thermometers  with  respect  to  the  tapes,  whereas  such  lagging 
was  very  small  when  the  lighter  sheaths  were  used.  The  effects  of  this 
lagging,  however,  apx>ear  to  have  been  well  eliminated  by  the  process 
of  measurement  adopterf^ 

With  the  hope,  also,  that  some  light  might  be  shed  on  the  obscure 
question  of  the  persistent  difference  between  the  tape  and  the  ther- 
mometric  temperatures  during  the  day  measures  of  Holton  Base,  a 
thermometer  with  no  sheath  attached  to  it  (or  one  with  bright  instead 
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of  black  bulb)  was  read  in  all  the  measures  of  St.  Albans  Base.  The 
salient  result  revealed  by  this  experiment  is  that  during  the  daytime 
the  thermometers  with  black  bulbs  (or  sheaths)  read  uniformly  higher 
and  at  night  unifonnly  lower  than  the  thermometer  with  the  bright 
bulb.  This  fact  confirms  what  might  be,  of  course,  expected,  namely, 
that  the  tape  and  thermometers  may  have  persistently  differing  tem- 
peratures unless  they  have  the  same  capacity  for  absorption  and  radia- 
tion. Another  result  of  this  experiment  which  may  prove  of  value  in 
further  studies  with  the  tapes  is  that  the  period  when  thermometers 
with  bright  and  black  bulbs  give  the  same  readings  occurs  shortly 
before  sundown,  and  appears  to  coincide  with  the  period  of  steady 
atmosphere.*  But  aside  from  these  results,  interesting  though  they  be 
in  a  general  way,  nothing  came  from  the  use  of  the  thermometer  with 
the  bright  bulb.  The  temperature  of  the  tape  was  inferred  altogether 
from  the  readings  of  the  two  thermometers  supplied  with  the  steel 
sheaths.  That  the  latter  gave  temperatures  closely  coincident  with 
those  of  the  tapes,  except  for  the  lag  eflTect,  which  was  in  general  well 
eliminated,  appears  to  be  demonstrat.ed  by  the  results  of  the  several 
measures  of  the  four  sections  of  the  base. 

The  thermometers  used  in  all  work  on  St.  Albans  Base  were  Nos. 
5698,  6620,  and  6621  by  Green.  Table  X  following  gives  the  correc- 
tions to  be  applied  to  the  readings  of  these  thermometers  to  bring  them 
into  accordance  with  the  standard  hydrogen  scale.  The  corrections  to 
5698  are  those  given  in  section  10,  Chapter  iv,  the  freezing  point  read- 
ing adopted  being  that  of  January  21, 1893.  The  freezing  point  read- 
ings of  5620  and  6621  were  determined  by  Mr.  Louis  A.  Fischer,  of  the 
office  of  Standard  Weights  and  Measures,  in  September,  1892. 

Table  X. — Corrections  to  thermometer  readings. 


Tempera- 
Inrc. 

Correction  to  — 

5598. 

5600. 

56ai. 

o 

O 

5 
lO 

15 

20 
25 

35 

0 

— OIO 

—  -12 

—  09 

—  -08 

—  -08 

—  07 

—  -04 

—  09 

b 
— 0-20 

—  15 

—  -21 

—  25 

—  -27 

-  -25 

—  25 
_    .23 

0 

— 0-25 

—  '20 

—  -26 

—  32 

—  -34 

—  -32 

—  25 

—  28 

(19)  Tension  correction  and  working  lengths  of  tapes. — Spring  balance 
Ko.  63  was  used  in  all  the  work  on  St.  Albans  Base  to  give  tension  to 


*  These  two  periods  are  probably  dne  to  the  same  canse,  to  wit,  eqaality  in  the 
qumtities  of  radiant  heat  received  and  rejected  by  the  earth  at  that  tima  of  daj. 
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the  tapes.  Its  iudex  correction  was  observed  on  October  10, 12, 14, 18, 
and  21.  The  mean  of  the  resulting  values,  which  vary  from  —  2*0 
ounces  to  —  3-0  ounces,  is  —  2*55  ounces;  or  in  the  formula 

T=Ti  +  i(W-B  +  r), 

given  in  section  4,  r  =  —  2*55  ounces. 
The  following  values  were  also  observed: 

W  =  49*5  ounces, 
B  =  35*0  ounces. 

The  nominal  value  of  the  tension  used  was 

Ti  =  25  pounds. 

Hence  the  actual  tension  applied  was 

T  =  25  pounds  6  ounces. 

Since  the  standard  tension  is  25  pounds  9  ounces,  the  tension  cor- 
rection is  —  3*0  ounces,  and  the  correction  to  the  standard  lengths  is 
—  3x0-047'"™  =  —  0'14"".  The  lengths  of  the  tapes  as  used  are  then 
(see  Chapter  IV,  section  17) 

Mtn,  ffiw, 

Tm  =  20  B,j  +  3-72  +  l-0947t, 
Tw  =  20  B„  +  6-17  +  l-0914e. 

(20)  Results  of  the  measures  of  8t  Albans  Base. — Table  XI  following 
gives  the  results  of  the  measures  of  St.  Albans  Base.  The  first  column 
gives  the  date;  the  second,  the  time  of  day  when  the  measure  was 
made;  the  third,  the  direction  in  which  the  measure  proceeded;  the 
fourth,  the  mean  temperature  of  the  tape;  the  fifth,  the  temperature 
range,  or  the  difference  between  the  highest  and  lowest  observed  tem- 
perature of  the  thermometers;  the  sixth  indicates  by  the  letters  E  and 
F  whether  the  temperature  was  rising  or  falling  during  the  measure 
of  a  section,  and  the  order  of  the  letters  indicates  the  order  in  which 
the  changes  occurred;  the  seventh  gives  the  length  of  the  sections  in 
terms  of  the  iced  bar  B^^  the  excess  over  a  round  number  of  tape  and 
bar  lengths  having  been  measured  with  a  millimetre  scale,  and  with  a 
15™  auxiliary  steel  tape  in  case  of  the  fourth  section;  and  the  last  col- 
umn gives  the  number  of  the  tape  used.  The  values  for  the  lengths 
given  in  the  seventh  column  are  not .  corrected  for  grades.  Since  the 
whole  base  only  was  ultimately  used,  the  total  grade  correction  will  be 
applied  to  the  sum  of  the  lengths  of  the  sections. 
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Table  XI. — Results  of  Measures  of  8L  Albans  Base. 


WEST  BASE  TO  STAKE  lo. 


Date. 

Time  of  day. 

Direction  of 
measure. 

Mean 
tempera- 
ture. 

Tem- 
pera^ 
ture 
range. 

Temperature 
rising,  R, 
falling,  F. 

Value  for  distance. 

No.  1 
of 
tape. 

1892. 
Oct.    II 

12 

13 
13 
14 

/.  m. 

7:20-  8:02 

9:03-  9:44 

7:06-  7:40 

10:49-11:21 

2:53-  3'i^ 

W.  to  E. 
E.  W. 
W.  E. 
E.  W. 
W.        E. 

904 
762 

13-30 
956 

321 1 

3*40 
270 
300 

I-IO 

1-40 

F 
R 
F 
R 

R.F 

200  Bii  +  2582 

244*5 
252*6 

2515 

248*1 

88 
88 

85 
88 

STAKE  10  TO  STAKE  20. 


Oct.    II 

8:02-  8:44 

W.  to  E. 

5-92 

280 

F.R 

200  B„  -f  534-8 

SS 

12 

9:44-10:25 

E.       W. 

6*39 

225 

F,R 

5355 

88 

13 

7:40-  8:12 

W.       E. 

1038 

2-55 

F.R 

5330 

85 

13 

11:21-11:53 

E.        W. 

905 

080 

F.R,F 

5360 

85 

14 

3:16-  3:49 

W.        E. 

3047 

080 

F.R 

5360 

SS 

STAKE  20  TO  STAKE  30. 


Oct.    II 

8:44-  9:26 

W. 

to  E. 

623 

1-50 

R,F,R 

200 Bii -f  5270 

SS 

12 

7:40-  8:22 

E. 

W. 

784 

I  60 

R.F 

5240 

SS 

13 

8:12-  8:44 

W. 

E. 

9.92 

i-io 

F.R.F 

5278 

85 

13 

9:45-10:17 

E. 

W. 

875 

0-70 

R,F,R 

5289 

85 

14 

3:49-  4:02 

W. 

E. 

3008 

1*50 

R.F.R 

5340 

SS 

1 

STAKE  30  TO  EAST  BASE. 


Oct.    II 

9:36-10:08 

W. 

to  E. 

4-80 

075 

^'? 

i72^„  +  9  325*5 

88 

12 

8:22-  9:03 

E. 

W. 

7-92 

265 

F.ft 

9  3  30 

88 

13 

8:44-  9:16 

W. 

E. 

9-24 

0*50 

F.R 

9321-4 

85 

13 

10:17-10:49 

E. 

W. 

8-57 

I  00 

F.R.F 

9  3286 

85 

14 

4:02-  4:26 

W. 

E. 

29*80 

0-95 

R.  F,  R 

9  333-0 

88 

(21)  Interpretation  of  results, — An  inspection  of  the  resalts  in  the 
above  table  shows  the  ranges  amongst  the  individual  measures  of  the 
Keveral  sections  to  be  13-7'"",  3'0"»™,  10-0"™,  and  11*6"™,  respectively; 
and  the  question  which  immediately  suggests  itself  is,  why  should  tbe 
range  for  the  section  stake  10  to  stake  20  be  so  much  less  than  for  the 
other  sections t  The  hypothesis  we  offer  in  answer  to  this  question 
affords  a  satisfactory  explanation  of  the  ranges  just  mentioned,  espe- 
cially those  of  the  night  measures,  and  clears  up  some  of  the  peciLIia^ 
i  ties  noted  in  the  measures  of  Holton  Base.  It  is  based  on  the  foUowinf 
considerations : 
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In  case  there  is  any  relative  lagging  of  the  tape  and  therraometric 
temperatures,  its  effect  will  be  more  or  less  eliminuted  in  the  mean  of 
two  measures  of  a  section  made  the  one  under  a  rising  and  the  other 
under  a  falling  temperature.  A  similar  elimination  of  the  lag  effect 
will  occur  in  a  single  measure  of  a  section  if  the  temperature  is  rising 
for  one-half  and  falling  for  the  other  half  of  the  measure;  and,  in  gen- 
eral, the  lag  effect  will  tend  to  eliminate  itself  if  the  temperature 
fluctuates  to  any  considerable  extent  about  its  mean  trend.  The  con- 
ditions which  obtained  during  the  measures  of  St.  Albans  Base,  so  far 
as  they  pertain  to  this  lag  effect  are,  in  general,  well  indicated  by  the 
data  in  the  fifth  and  sixth  columns  of  the  above-table;  but  it  should  be 
stated  that  the  section  stake  10  to  stake  20  was  specially  favorable  by 
reason  of  its  topographic  conformation  for  eliminating  the  lag  effect. 
The  middle  portion  of  this  section  was  on  low  marshy  ground  compared 
with  the  ground  at  either  of  its  ends,  so  that  there  was  always  a  marked 
fall  of  temperature  on  approaching  the  low  ground  and  a  marked  rise 
on  leaving  it,  regardless  of  the  direction  of  measurement. 

This  answer,  it  may  be  conceded,  explains  the  small  range  among 
the  results  for  the  section  stake  10  to  stake  20;  but  if  it  is  the  correct 
answer,  we  should  expect  the  means  of  the  forward  and  backward 
measures  of  the  other  sections  to  show  a  similar  degree  of  accordance, 
since,  as  shown  in  the  sixth  column  of  the  table,  the  temperature 
gradient  was  in  general  reversed  with  a  reversal  of  the  direction  of 
measurement.  The  two  night  measures  with  each  tape  are  in  this 
respect  strictly  comparable,  since  they  were  made  under  conditions  in 
all  respects  similar;  i.  e.  the  sky  was  cloudless  or  nearly  so,  there  was 
little  or  no  wind,  the  preceding  days  had  been  very  much  alike,  and 
the  measures  were  made  at  times  when  dew  was  condensing  along  most 
parts  of  the  line.  That  these  means  do  so  a<;cord  is  shown  by  the 
results  in  Table  XII  following,  which  gives  the  means  of  the  night 
measures  of  the  sections  made  with  the  two  tapes.  For  brevity  the 
sections  are  numbered  1,  2,  3,  4,  respectively : 

Table  XII. — Means  of  forward  and  ha^ikward  measures  of  the  sections. 


No.  tape. 

Section  t. 

Section  a. 

Section  3. 

Section  4. 

Whole  Base. 

88 
85 

mm. 

+2514 
252*0 

fftm* 

+535-2 
534*5 

mm. 

+525-5 
5284 

mm. 
+9  3242 
9  3250 

mm. 
lo  636-3 
106399 

The  accordance  of  these  results  leaves  little  to  be  desired ;  but  for  the 
reasons  already  adduced  and  for  others  given  below,  it  is  difficult  to 
see  how  it  can  be  otherwise  than  real. 

Although  the  fact  that  means  of  forward  and  backward  measures  of 
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a  section  indicated  a  marked  elimination  of  some  source  of  error  was 
noticed  in  certain  of  the  measures  of  Holton  Base,  the  explanation  of 
that  fact,  presented  above,  did  not  occur  to  me  until  after  the  night 
measures  of  St.  Albans  Base  had  been  made.    The  full  import  of  the 
explanation,  indeed,  was  not  appreciated  until  after  the  day  measure 
of  October  14  had  been  made;  otherwise  a  reverse  measure  of  the  line 
would  have  been  made  on  the  latter  day.    The  particular  measures  of 
Holton  Base  just  referred  to  are  those  of  sections  2 100"  to  3  000"  and 
3  000"  to  3  900".    On  referring  to  Table  V  of  section  7  it  will  be  seen 
that  each  of  these  sections  was  measured  in  both  directions  on  Septem- 
ber 18  and  again  on  September  19, 1891,  under  conditions  favorable  for 
the  elimination  of  the  lag  efleet.    The  excesses  over  ISOBn  of  the 
means  of  the  forward  and  backward  measures  of  the  section  2  lOO"*  to 
3  000"  for  these  two  days  are  +  71-2""  and  +  70-7"";  and  for  the  sec- 
tion 3  000"  to  3  900"  the  corresponding  excesses  are  +  20-4""  and 
+  20*0"".    These  exhibit  a  degree  of  accordance  equal  to  that  shown 
in  Table  XII.     A  similar  degree  of  accordance  is  shown  in  the  forward 
and  backward  measures  of  the  standard  kilometre  of  Holton  Base  of 
September  30,  October  1,  and  October  8, 1891,  on  which  dates  the  tem- 
perature gradients  were  favorable  to  the  elimination  of  the  lag  effect. 
Attention  has  also  been  called  in  section  11  to  the  fact  that  the  meas- 
ures of  the  standard  kilometre  show  a  less  probable  error  than  the 
measures  of  the  other  sectious  of  Holton  Base.    The  reason  for  this  is 
found,  I  believe,  in  the  topographic  conformation  of  that  kilometre.    It 
passed  for  600"  of  its  length  through  a  dense  forest,  leaving  200"  at 
either  end  in  open  fields.    In  nearly  all  the  night  measures  (he  ther- 
mometer readings  show  a  rise  of  temperature  on  passing  from  the  ox)en 
fields  to  the  forest,  and  vice  versa;  which  conditions,  as  explained 
above,  were  favorable  for  the  elimination  of  the  lag  effect  in  a  single 
measure  of  the  line. 

To  recur  to  the  measures  of  St.  Albans  Base,  it  is  seen  from  the 
results  in  Tables  XI  and  XII  that  the  largest  discrepancies  are  found  in 
every  case  where,  according  to  the  hypothesis  considered,  they  would 
be  expected  to  appear.  Thus,  in  Table  XI  the  range  is  greatest  in  the 
measures  of  the  section  West  Base  to  stake  10,  which  presented  the 
steepest  temperature  gradients;  and  in  Table  XII  the  range  is  greatest 
in  the  case  of  the  third  section,  which,  as  appears  from  the  data  in  the 
sixth  column  of  Table  XI,  presented  the  least  favorable  temperature 
gradients. 

It  should  be  noted,  however,  that  the  difference  between  the  night 
measures  of  the  section  West  Base  to  stake  10  with  tape  No.  88  is 
much  greater  than  that  between  the  night  measures  with  tape  No.  85. 
The  temperature  gradients,  in  fact,  indicate  that  the  former  difference 
ought  to  exceed  the  latter,  but  it  is  not  clear  that  the  excess  should  be 
as  great  as  it  is.  This  apparent  anomaly  has  led  to  a  comparison  of 
the  separate  tape  lengths  of  the  night  measures  of  this  first  section 


REPORT   FOR   1892 PART   II.  463 

Tape  measures  of  St.  Albans  Base. 

with  the  two  tapes.  It  shows  that  the  measures  with  tape  Ko.  88  wer.e 
for  every  tape  length  apparently  longer  in  the  one  case  and  shorter  in  the 
other  by  about  O-?™";  in  other  words,  if  we  are  dealing  with  a  lag  eflfect, 
the  thermometers  gave  a  t-emperature  too  high  to  the  tape  under  a  fall- 
ing gradient  and  too  low  under  a  rising  gradient  by  about  (P*7  0.,  and 
this  error  was  persistent  throughout  both  measures  of  the  section. 
Attention  has  been  called  in  Chapter  lY,  section  15,  to  a  similar  dis- 
crepancy in  the  behavior  of  these  two  tapes  wheji  placed  alongside  of 
one  another  on  the  100*°  comparator  of  Holton  Base.  It  is  most 
probably  due,  as  suggested  in  the  section  just  referred  to,  to  some  dif- 
ference in  the  emissivities  of  the  two  tapes,  but  a  study  of  all  the  data 
has  not  up  to  the  present  time  led  me  to  any  clearer  view  of  the  ques- 
tion. 

It  remains  to  consider  the  results  of  the  day  measure  of  the  base  of 
October  14, 1892.  This  was  made  on  a  cloudless  day  between  2:53  and 
4:26  p.  m.,  and  the  mean  temperatures  for  the  several  sections  varied 
from  320'11  C.  to  290-80  C.  Including  this  measure,  the  mean  tempera- 
tures of  the  tape  ranged  for  the  diiierent  day  and  night  measures  of 
each  section  through  nearly  25°  0.;  so  that  the  accordance  of  the  day 
measures  with  the  mean  of  the  night  measures  affords  a  pretty  severe 
t/CSt  of  the  equations  of  the  tapes  and  of  the  thermometeric  tempera- 
tures attributed  to  them.  A  glance  at  the  data  in  the  sixth  and  sev- 
enth columns  of  Table  XI  shows  that  the  accordance  of  the  day  meas- 
ure is  best,  as  it  ought  to  be  in  conformity  with  the  considerations 
adduced  above,  in  the  case  of  the  first  and  second  sections,  and  worst, 
as  would  be  expected,  in  the  case  of  the  last  two  sections.* 

The  differences  between  the  day  measures  of  the  several  sections  and 
the  means  of  the  night  measures  of  the  same  are 

fittn 
For  the  first  section       —  3*6 

second  section  +  1*2 

third  section     +  7*0 

fourth  section  -f  8*4 

The  average  of  these  regardless  of  sign  is  5'0'"*",  or  1/200  000th  of  a 
section;  while  the  average  of  the  first  two  of  them,  which  must  be 
largely  free  from  the  lag  effect ,  is  only  2-4™"',  or  1  400  000th  part  of  a 
section.  From  any  point  of  view  these  discrepancies,  when  we  bear  in 
mind  the  wide  range  of  temperature  involved,  do  not  seem  large;  but 
when  we  consider  them  in  connection  with  the  temperature  gradients 
which  obtained  during  the  day  measure,  it  appears  clear  that,  except 

*It  is  now  plainly  regrettftble  that  a  reverse  measure  of  the  base  was  not  made 
immediately  after  this  one,  since  it  ajipears  almost  certain  that  the  means  of  snch 
day  raeasares  would  have  shown  a  very  close  agrei'ment  with  the  means  of  the  uight 
measures. 
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for  the  lag  effect,  the  thermometers  as  fitted  with  the  st^el  shields  gave 
temperatures  in  very  close  agreement  with  those  of  the  tapes  daring 
both  the  day  and  the  night  measures  of  the  base. 

Briefly  summarized,  then,  our  interpretation  of  the  results  of  the 
measures  of  St.  Albans  Base  is  that  the  most  formidable  errors  to 
which  they  were  subject  arose  from  lag  of  the  thermometers  as  fitted 
with  the  steel  shields;  that  these  errors  were  well  eliminated  in  the 
means  of  the  forward  and  backward  night  me^isures  with  either  tape 
for  all  sections,  and  well  eliminated  in  all  the  individual  measures  of 
the  second  section  by  reason  of  its  topographic  conformation;  and 
finally,  that  the  result  of  the  day  measure  is  too  great  by  reason  of 
uncompensated  lag  efiect  which  lies  chiefly  in  the  lengths  of  the  two 
easternmost  sections  of  the  base. 

(22)  Valu€8  for  measured  lengths  of  hose  and  probable  error  of  me^M- 
urement. — The  value  we  shall  adopt  for  the  entire  length  of  the  base  is 
the  mean  of  the  four  night  measures,  since  all  our  experience  indicates 
that  the  temi)erature  uncertainty  is  in  general  least  in  night  measures, 
and  since  it  appears  certain  that  a  considerable  lag  effect  was  elimi- 
nated in  the  means  of  the  forward  and  backward  measures  of  this  base. 
Accordingly,  the  value  we  adopt  is 

772^1,  + 10638-1™, 

or  the  mean  of  the  results  in  the  last  column  of  Table  XII. 

If,  on  the  other  hand,  we  include  the  day  measure  and  give  it  and 
each  of  the  night  measures  the  same  weight,  the  result  is 

772J5,;  +  10640.7°»»", 

which  differs  but  2'6™"  from  the  adopted  value. 

The  results  of  the  several  measures  of  the  entire  base,  in  the  order  in 

which  they  were  made,  are 

mm. 

Oct.  11,  1892.  772^1;  +  10645-5, 

12,  1892,  27-0, 
13, 1892,  34-8, 

13,  1892,  450, 

14,  1892,  51-1. 

Tlie  range  among  these  is  24-1™",  or  1/160  000th  part  of  the  base.    The 

range  of  the  first  four,  or  the  night  measures,  is  18'5™",  or  1/209  000th 

part.    The  greatest  divergence  from  the  adopted  mean  is  that  of  the 

last,  or  day  measure.    The  amount  is  i;3-0™™,  or  1/298  000th  part. 

The  mean  lengths  from  the  forward  and  backward  measures  with  the 

two  tapes  are 

mm. 

Tape  No.  85,        112B,,  +  10636-3, 

No.  88,        772i^,7  +  10639-9. 

The  difference  of  these  is  3-6""",  or  1/1 070  000th  part  of  the  base. 
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In  computing  the  probable  error  of  measaremeut  from  the  data 
nftbrded  by  Tables  XI  and  XII,  we  may  proceed  according  to  several 
hypotheses.  Using  1  kilometre  as  the  unit  of  distance  to  which  such 
pit)bable  error  refers,  we  may  assume  (a)  that  all  of  the  night  and  day 
measures  of  the  several  sections  of  the  base  are  of  equal  weight,  and 
that  no  elimination  of  systematic  error  results  in  the  mean  of  a  forward 
and  backward  measure;  (b)  that  the  night  measures  should  be  consid- 
ered by  themselves  and  treated  as  if  they  involved  no  errors  due  to 
Ic^ggiiig  of  the  thermometers;  (c)  that  the  means  of  the  forward  and 
backward  measures  given  in  Table  XII  are  more  or  less  free  from  errors 
due  to  lagging,  and  that  such  means  are  alone  competent  to  give  an 
idea  of  the  attainable  precision. 

The  errors  which  result  from  each  of  these  hypotheses  will  dow  be 
given.  Let  f«,  €4,  e,_  =  the  probable  error  of  one  measure  of  a  kilometre 
according  to  the  suppositions  (a),  (6),  (c),  respectively. 

m  =  the  total  number  of  independently  observed  quantities,  or 
total  number  of  measures  of  the  sections, 
=  20  for  supposition  (a), 
=  16  for  supposition  (6), 
=   8  for  supposition  (c), 
[rr]  =  sum  of  squares  of  the  discrepancies  between  the  individual 
measures  of  the  sections  and  their  means,  respectively. 

Then  from  Tables  XI  and  XII  we  find* 

[vr]  =  250'57  for  supposition  (a), 
=  142*94  for  supposition  (b), 
=     4'80  for  supposition  (r). 

According  to  the  method  of  least  squares,  when  we  have  m  measures 
of  equal  weight  of  /^  unknown  quantities,  the  probable  error  of  a  single 
measure  is  expressed  by  _ 


±  0-6746 


In  the  present  case  the  number  of  unknown  quautities,  or  //,  is  4,  the 
number  of  sections  of  the  base.  Hence  tor  the  several  suppositions  we 
have  w  —  /i  =  16, 12,  4,  respectively.    These  data  then  give 

€,=  ±  2-(i7 
6,  =  i  2-33 
£,  =  ±0-74 


*  The  sections  are  treated  as  of  equal  length,  the  modification  arising  from  the  fact 

that  the  section  from  stake  ^  to  East  Base  is  130'"  short  of  a  kilometre  being  nuim- 
portant.  ' 

S,  Kx.  37—30 


466  U.  S.  COAST  AND  GEODETIC  SURVEY. 

It  may  be  observed  that  if  the  mean  values  in  Table  No.  V,  firom 
which  e^  is  derived,  are  not  to  a  marked  extent  free  from  systematic 
error,  as  is  assumed,  we  should  have  by  the  theory  of  errors 

But  the  actual  relation  is  e^  =  0-32ffr,  or  the  ratio  of  the  two  errors  is 
less  than  half  as  great  as  it  should  be  if  the  hypothesis  (c)  were  fia^lse. 
It  may  be  observed,  also,  that  the  work  of  determining  the  tape 
lengths  on  the  100"'  comparator  of  Holton  Base  affords  au  indirect 
means  of  estimating  the  extent  of  the  temperature  error  involved  in  the 
mean  of  a  forward  and  backward  measure  of  a  kilometre;  and  hence 
some  additional  light  may  be  gained  concerning  the  magnitude  of  the 
error  of  manipulation,  which  latter,  as  revealed  in  the  tape  measures 
of  Holton  Base,  was  briefly  discussed  in  section  10  above.  As  shown  in 
Chapter  IV,  section  15,  the  probable  error  of  a  single  determination  of 
a  tjipe  length  on  the  100'"  comparator  was  ±  0'20""'.  This,  as  explained 
in  tlie  chapter  referrc^l  to,  is  due  almost  wholly  to  temperature  errors 
in  the  mean  of  six  thermometer  readings.  It  involves  the  lag  effect  to 
a  slight  extent,  and  hence  ought  to  indicate  a  larger  temperature  com- 
ponent in  the  probable  error  of  a  mean  measure  of  a  section  of  St 
Albans  Base  than  that  shown  from  the  actual  observations,  if  in  these 
latter  the  lag  effect  was  well  eliminated.  Assuming  the  above  error  of 
±  0*20™"»  per  tape  length  to  apply  to  the  field  work  if  six  thermometer 
readings  were  made,  the  value  for  the  actual  case,  wherein  but  two 
such  readings  were  observed,  is  ±  0-20'"'"  v'3.  With  this  as  the  prob- 
able error  per  tape  length,  the  probable  error  of  the  sum  of  ten  such 

lengths  is  i  0*20™"  \/30,  and  hence  that  for  the  mean  of  two  such 
measures  is 

±  0-20™°^  V15  =  ±  0-77"". 

This  is  slightly  greater  than  the  value  of  e^  given  above.  It  shows,  so 
far  as  it  goes,  a  satisfactory  elimination  of  the  lag  effect  in  the  means 
of  the  forward  and  backwanl  measures  of  the  sections  of  St.  Albans 
Base,  and  indicates  that  the  error  of  manipulation  is  really  much  less 
than  was  inferred  in  section  10  from  the  measures  of  Holton  Base  alone. 
Lastly,  it  should  be  remarked  that  the  value  ^^  =  =t  2'33"»",  derived 
by  using  the  night  measures  of  St.  Albans  Base,  is  considerably  larger 
than  the  corresponding  value  deduced  from  the  night  measures  of 
Holton  Base,  namely,  it  1*74™'",  given  in  section  10  above.  The  naain 
reason  for  this  lies,  undoubtedly,  in  the  fact  that  the  steel  sheaths  used 
on  the  bulbs  of  the  thermometers  in  1892  caused  much  greater  lagging 
than  the  aluminum  sheaths  used  in  1891.  The  exceptionally  favorable 
conditions  of  the  standard  kilometre  of  Holton  Base  for  eliminating 
the  lag  effect  have  been  alluded  to  in  the  preceding  section,  and  this 
circumstance  also  tended  to  make  the  probable  error  of  a  single  meas- 
ure of  a  kilometre  in  the  Holton  work  small. 
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Now  as  to  probable  error  due  to  eiTors  of  ineasuremeift  in  the  whole 
length  of  St.  Albans  base,  three  values  dependent  on  the  suppositions 
(a),  (b),  (c),  may  be  derivetl;  and  a  fourth  value  may  be  computed 
from  the  difference  between  the  mean  lenp:ths  for  the  whole  base  from 
the  night  measures  witli  the  two  tapes.  The  latter  process,  it  will  be 
noted,  should  give  the  smallest  probable  error,  since  it  does  not  involve 
the  possible  errors  due  to  movements  of  the  intermediate  section 
stakes,  though  such  movements,  it  is  believed,  were  very  small.  The 
first  three  of  these  probable  errors  are 

mm. 
€f,  y/Alo  =  ±  2'39  according  to  supposition  (a), 

fb  ViM  =  zL  2-33  according  to  supposition  (b), 

Be  V4/2  =  ±  1'04  according  to  supposition  (c), 

For  the  fourth  probable  eiTor  we  find  ±  0*9"»"». 

Expressed  as  fractions  of  the  length  of  the  base,  these  probable 
errors  vary  from  1/1  620  000th  to  1/4  300  000th. 

The  errors  just  discussed,  or  those  developed  in  repeated  measures 
of  a  line,  appear  to  be  the  only  errors  of  measurement  which  need  be 
considered  in  connection  with  St.  Albans  Base.  In  comparison  with 
these,  the  errors  in  grade  corrections,  in  alignment,  in  transfers  to  per- 
manent marks,  and  in  the  measurement  of  fractions  of  tape  lengths, 
are  trifling.  As  already  explained,  special  pains  were  taken  in  the 
alignment  of  the  support  and  marking  stakes  and  in  the  determina- 
tion of  grade  corrections.  We  may  allow,  however,  for  x)ossible  con- 
tributions of  error  from  the  latter  sources  by  adopting  ±  2*0"™"*  as  the 
probable  error  of  measurement.  This,  it  will  be  observed,  is  but  little 
less  than  that  given  by  supposition  (b),  which  t^kes  no  account  of  the 
elimination  of  the  lag  eifect,  and  would  appear  to  materially  under- 
estimate the  precision  actually  attained. 

(23)  Probable  error  of  base  due  to  errors  of  tape  lengths. — From  the 
evidence  adduced  in  Chapter  IV,  sec^tion  IG,  it  appears  that  the  prob- 
able errors  of  the  tape  lengths  as  determined  on  the  100™  comparator 
of  Holton  Base  can  not  exceed  ±  0'05""  within  such  ranges  of  temper- 
ature as  are  likely  to  be  met  in  ordinary  work.  For  such  temi)eratures 
as  obtained  during  the  night  measures  of  St.  Albans  Base,  the  prob- 
able error  x)er  tape  length,  if  computed  from  the  formula  given  in  the 
section  of  Chapter  IV  just  referred  to,  would  be  somewhat  less  than 
±  0-05™'".  One  circumstance,  however,  leads  me  to  adopt  a  larger 
value.  It  is  this:  If  we  use  the  mean  lengths  of  the  sections  of  St. 
Albans  Base  given  in  Table  XII  to  compute  a  correction  to  the  differ- 
ence in  lengths  of  the  tapes  at  0°  C,  the  mean  value  of  such  correc- 
tion is  found  to  be  ±  0-09"»»  =t  0.096°»™,  indicating  that  the  difference 
in  length  of  the  tapes  at  0°  0,  should  be  2*64"*"*  instead  of  2-45»"™,  as 
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given  by  the  eqaations  of  the  tapes  derived  iu  Chapter  lY.  Subse- 
quently to  the  measurement  of  St.  Albans  Base  the  tapes  were  com- 
pared directly  on  a  100™  section  of  the  base.  An  account  of  this 
work  is  given  iu  section  26  below.  It  indicates  a  correction  to  the 
difference  of  the  tapes  at  (P  C.  of  about  the  same  amount  as  that  just 
mentioned  and  with  somewhat  greater  certainty.  The  amount  of  this 
discrepancy,  it  will  be  observed,  is  of  about  the  same  magnitude  as  its 
probable  error  derived  from  the  expression  (9),  section  16,  Chapter  IV, 

namely: 

V(0-056'°»)»  +  (0-058»")2  =  ±  0-08°^, 

so  that  no  great  weight  can  be  attached  to  it  when  considered  by 
itself.  But  inasmuch  as  the  lengths  of  the  tapes  were  determined  by 
observing  on  them  with  micrometer  microscopes  having  a  power  of 
27  diameters,  while  in  applying  them  to  measure  a  base  a  hand  mag- 
nifier or  the  unaided  eye  is  used,  it  is  possible  that  some  constant  error 
may  have  thus  entered  the  measures  of  St.  Albans  Base.  For  this 
reason  the  extreme  valae  of  ±  0-06°»'"  will  be  taken  for  the  probable 
error  of  the  tape  lengths  in  those  measures.  This,  as  shown  in  section 
16,  Chapter  IV,  is  the  probable  error  of  the  tape  lengths  given  by 
their  equations  for  such  temperatures  as  0^  and  30^  C. 

Since  there  were  38*7  tape  lengths  in  the  base,  the  probable  error  of 
i  0*06"'°  per  tape  length  gives  ±  2-32™»"  as  the  probable  error  of  the 
whole  base  due  to  this  source. 

(24)  Corrections  to  measured  length  of  base, — To  the  adopted  mean 
length  of  the  base  given  in  section  22  above,  three  corrections  are  to 
be  applied,  namely:  (1),  correction  for  grades;  (2),  correction  for  error 
in  thermometer  corrections  used  in  the  computation  of  the  lengths  of 
the  sections  of  the  base;  (3),  reduction  to  sea  level. 

(1)  Since  the  entire  length  only  of  the  base  is  needed,  the  sum  of 
the  gi*ade  corrections  may  be  applied  to  the  adopted  measured  length 
given  in  section  22,    This  sum,  the  terms  of  which  are  given  in  section 

16,  is  — 112-7""". 

(2)  The  thermometer  corrections  which  should  have  been  applied  in 
computing  the  length  of  the  base  are  those  given  in  Table  X,  section 

17.  The  means  of  the  corrections  to  Nos.  5308  and  5620,  which  alone 
were  used  to  give  the  tape  temperatures,  vary  from  —  0<^'135  to 
—  0O'175,  giving  thus  a  practi(;ally  constant  value  of  —  0o*165,  which 
we  adopt  as  the  correction  to  be  applied  to  the  means  of  those  ther- 
mometer readings  for  the  entire  work.  The  corrections  actually 
applied  in  computing  the  lengths  of  the  sections  of  the  base  were,  by 
reason  of  an  error  in  making  up  a  table  of  (corrections,  all  numerically 
larger  than  those  by  the  following  amounts  for  the  several  sections  of 
the  base  counting  from  the  west  end: 

First  section,  0* -028, 
Second  section,  0  '022, 
Third  section,  0  -021, 
Fourth  section,  0  -021, 
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Since  the  thermometer  corrections  are  all  negative,  and  since  the  rate 
of  expansion  of  the  tapes  is  1-09™™,  the  compnted  length  of  the  base 
is  too  short  by 

l-OOmm  1 10  (0-028  +  0-022  4-  0-021)  +  8-7  (0-021)  |  =  0-97"™ 

The  correction,  then,  to  the  measured  length  of  the  base  from  this 
source  of  error  is 

+  0.97"'™. 

(3)  Complete  data  for  reduction  to  sea  level  are  not  at  present 
available.  Table  XIII  following,  however,  gives  the  heights  of  the 
several  marking  tables  with  respect  to  the  top  of  the  marking  stone 
at  West  Base,  and  also  the  mean  heights  of  the  several  tape  lengths 
referred  to  the  same  datum  and  counting  from  West  Base  toward  the 
east.  Every  tape  length  is  to  be  understood  as  100"  long,  except  the 
thirty-ninth  or  last,  which  is  but  70™  long.  The  plus  sign  signifies 
that  the  tables  or  mid  tape  lengths  were  higher,  and  the  min%is  sign 
that  they  were  lower  than  the  datum. 

Table  XIII. — Heights  of  marlcing  tables  and  mean  heights  of 

tape  lengtJis. 


Mean 

Moan 

Hoiglit  of  table  at — 

height  of 
tapo  length. 

Height  of  table  at~ 

height  of 
tape  length. 

Feet. 

Feet. 

Feet. 

Feet. 

West  Base 

■\-    1191 

Stake  21 

—  6-575 

—  7-II2 

Stake     I 

-f    1848 

-f    1-519 

22 

-5184 

5880 

2 

-V  0655 

H-   1-252 

23 

-  5495 

—  5-340 

3 

—  0-079 

-1-  0-288 

24 

—  2-966 

—  4230 

4 

f  2035 

-f  0978 

25 

-  2-719 

—  2*842 

5 

+     2  894 

+  2-464 

26 

—  2-461 

—  2-590 

1 

6 

+    4-154 

+  3-524 

27 

—  4-J39 

—  3-300 

7 

-f    3938 

-+-  4-046 

28 

—  4-299 

—  4*219 

8 

-f    2723 

-f  3330 

29 

-4-615 

—  4-457 

i 

9 

-|-    1-269 

4-    1996 

30 

—  2-925 

—  3-770 

lO 

f    3592 

-h   2-430 

31 

—  2*596 

—  2*760 

II 

■f    5800 

-f  4-696 

32 

—  2-239 

—  2-418 

12 

-h    3670 

-f-   4-735 

33 

—  2-249 

—  2*244 

U 

—    8044 

—   2187 

34 

—  2*175 

—  2*212 

14 

—  13360 

—  10-702 

35 

—  2-160 

—  2-168 

15 

-  13-368 

—  13-364 

36 

—  2-252 

—  2*206 

i6 

—  13-773 

—  13-570 

37 

—  0675 

—  1*464 

17 

—    8856 

—  11-314 

38 

+  0995 

-|- 0*160 

i8 

—    9492 

—  9-174 

East  Base 

-f  2'IOI 

-f  1*548 

19 

—    8588 

—   9*040 

Stone,  £.  B 

•  -f  1-533 

20 

—    7-648 

—   81 18 

The  sum  of  the  mean  heights  of  the  tape  lengths  in  this  table  is  — 103*7 
feet.  Hence  the  average  height  of  the  tape  above  the  stone  at  West 
Base  was  — 2-66  feet. 

For  the  several  sectional  of  the  base,  counting  them  as  hitherto  from 
the  west  end,  the  average  heights  of  the  tape  were  +  2*18  feet^  ^^*^ 
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feet,  —  4-37  l\»et,  and  —  1*53  feet,  respectively,  above  the  stone  at  West 
Base. 

(j25)  Adopted  letigth  and  probable  error  of  St  Albam  Bane. — The  valae 
for  the  computed  length  of  the  base  adopted  in  section  22  is 

772^,;  +  106:38-1°''". 

where  ^,7  is  the  length  of  the  iced-barNo.  17,  as  used  on  the  100"»  com- 
parator of  nolt<m  Base.  This  length  is,  as  ^iven  in  (3hapter  ii,  sec- 
tion 23,  in  terms  of  the  International  Metre, 

B,,  =  5«  -  18-Om  . 
Thus 

772^,;  =  380(>">  -13-896""". 

Hence,  introducing  this  value,  and  applying  the  corrections  for  grade 
and  error  of  applied  temperatures  giving  in  the  preceding  section, 
there  results  for  the  measured  length  of  St.  Albans  Base  3870'612"". 

The  adopted  values  of  the  independent  errors  whose  resultant  gives 
the  probable  error  of  this  length  are  given  in  sections  22  and  23.  They 
are — 

Probable  error  due  to  errors  of  measurement,  i2'00"', 
"  **       ''     "      "      of  tape  lengths,   ±2-32. 

Taking  the  square  root  of  the  sum  of  the  squares  of  these,  we  have  for 
the  total  probable  error  of  the  base  as  measured,  4:3'06"»"*.     This 
amounts  to  1/1  260  000th  part  of  the  base. 
We  write,  then,  for  the  measured  length  of  St.  Albans  Base* 

3870-512'"  zt  3-1""". 

{26)  Eemilts  of  special  experiments  with  tapes  on  St.  Albans  Base. — 
After  the  measurements  of  St.  Albans  Base  were  completed,  certain 
experiments  with  the  tapes  were  made  with  a  view,  first,  to  redeter- 
mine their  relative  lengths;  and  second,  to  learn  more  of  their  l^ehavior 
under  varying  temperature  conditions.  Incidentally,  also,  the  ques- 
tions of  friction  of  the  tape  on  its  suni)orts  and  its  elongation  for  small 
increments  to  the  normal  tension,  were  reexamined. 

For  these  purposes,  a  tape  length  of  the  base  presenting  average 
conditions  was  selected  and  used  as  a  comparator.  In  place  of  the 
marking  stakes  for  this  tape  length,  well  seasoned  wooden  posts  were 
set  firmly  in  the  ground.  On  one  of  these  i>osts  a  zinc  plate  having  a 
fine  reference  line  ruled  on  it  was  fastened.  On  the  other  post  a  heavy 
brass  plate  carrying  an  ivory  scale  5*'"'  long  divided  to  half  millimetres 
was  secured.  These  two  terminal  marks  and  the  intermediate  support 
nails  were  put  in  the  same  horizontal  plane.  The  tapes  were  stretched 
and  aligned  on  this  com])arator  in  precisely  the  same  way  as  in  field 


The  approximate  elevation  of  the  base  above  sea  level  is  ISO***.    ThU  givea  u 
otioQ  of  —  109<°"*  to  reduce  th^  measared  length  to  sea  level. 
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work,  except  that  the  stretcher  at  the  rear  end  was  fastened  once  for 
all  in  a  rigid  framework,  and  the  position  of  the  tape  controlled  by 
the  slow-motion  screw  of  the  balance  hook  to  which  the  tape  was 
attached.  Variations  in  length  of  the  tai^es  were  thus  observed  at  the 
front  end  by  means  of  the  ivory  scale,  which  could  be  easily  read  to 
tenths  of  millimetres.  The  thermometers  provided  with  steel  shields 
were  placed  10"»  from  either  end  of  the  tape  and  read  by  the  observers 
at  the  ends  of  the  tape,  while  a  thermometer  with  bright  bulb  was 
read  at  the  middle  of  the  tape  length  by  the  observer  at  that  point,  who 
also  flipped  the  tape  as  in  field  work. 

Observations  on  the  tapes  were  made  on  this  comparator  on  October 
18, 19,  20,  21,  and  24,  1892.  On  the  first  four  dates  the  observations 
were  made  according  to  the  following  programme:  One  of  the  ta]>es 
being  put  under  tension  and  brought  to  near  coincidence  with  the 
reference  mark  at  the  rear  end,  the  thermometers  were  first  read ;  the 
observer  at  the  rear  end  then  brought  the  rear  end  graduation  of  the 
tape  accurately  to  coincidence  with  the  reference  mark  at  that  end  and 
signaled  this  fact  by  one  blast  from  his  whistle.  Thereui)on  the  observer 
at  the  middle  of  the  tape  flipped  it.  As  soon,  as  the  vibration  of  the 
tape  ceased  the  observer  at  the  rear  end  signaled  the  observer  at  the 
front  end  to  read  the  scale.  This  being  done  the  thermometers  were 
again  read.  Then  the  other  tape  was  put  under  tension  and  a  similar 
set  of  observations  made  on  it  and  the  thermometers.  The  time  required 
to  make  such  a  series  of  observations  with  the  two  tapes  was  on  the 
average  about  five  minutes. 

On  October  24  the  tapes  were  observed  on  separately,  one  during 
the  forenoon  and  one  during  the  afternoon,  and  the  thermometers  were 
read  but  once,  and  that  immediately  after  the  observations  on  the  tai>e. 

The  experiments  were  carried  on  regardless  of  the  weather  except 
that  they  were  discontinued  when  it  was  rainy.  They  began,  as  a  rule, 
about  9  a.  m.,  and  continued  until  about  9  p.  m.  Very  variable  condi- 
tions were  thus  encountered.  The  early  mornings  of  the  dates  of 
observation  were  generally  cool  and  foggy.  As  the  fog  was  dissipated 
the  temperature  rose  rapidly  and  then  fell  less  rapidly  toward  sun- 
down. The  total  temperature  range  was  from  5°  to  35oC.,  and  the 
daily  ranges  varied  from  8^  to  23^  for  the  diflferent  dates. 

The  results  of  the  experiments  were  computed  in  the  field  by  Messrs. 
Haskell  and  Woodward,  and  subsequently  revised  at  the  office  by  Mr. 
SafTord,  who  also  plotted  all  the  temperature,  tjipe-length,  and  cloudi- 
ness curves  supplied  by  the  data.  A  study  of  the  numerical  data  and 
of  their  graphical  representation  reveals  the  following  special  char- 
acteristics of  the  experiments: 

(1)  Thatthe  temperatures  of  the  tapes  were  influen(;ed  to  a  considera- 
ble extent  by  the  local  conditicns^  which  forcC'd  them  to  undergo  certain 
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typical  changes  of  length  de])cii(lent  on  the  type  of  day.  The  ther- 
mometers with  st'Cel  sheaths,  while  following"  the  changes  of  tape  tem- 
perature fairly  well,  indicate  some  systematic  differences  de[>endeiit  on 
the  local  conditions  and  on  lagging.  The  discrepancy  between  the  tape 
and  thermometric  temperatures  rose  in  extreme  instances  of  rapidly 
varying  temperature,  as  with  alternating  cloud  and  sunshine,  and  with 
alternating  currents  'of  hot  and  cool  air,  to  3^  0. 

(2)  That  the  systematic  character  of  the  discrepancies  between  tape 
and  thermometric  temi)erature8  disappeared  largely  after  sundown. 

In  order  to  derive  the  difference  in  length  of  the  two  tapes  the 
quantity  7>— To,  where  D  is  the  distance  between  the  terminal  marks 
of  the  comparator  and  To  is  the  length  of  either  tape  at  (P  C,  was  com- 
puted for  each  set  of  observations  by  means  of  the  known  rates  of 
expansion  of  the  tapes.  It  was  assumed  for  any  date  when  the  two 
tapes  were  simultaneously  under  comparison  that  i>  remained  constant,' 
though  the  difference  in  lengths  of  the  two  tapes  is  practically  free 
from  any  change  which  may  have  occurred  from  day  to  day  in  that 
interval.  Table  XIV  following  gives  a  summary  of  the  results  of  the 
tax)e  comparison  computed  in  the  way  just  described.  The  first  column 
gives  the  dace,  the  second  the  number  of  comparisons  on  that  date, 
the  third  and  foiu-th  columns  give  the  mean  values  of  the  resulting 
differences  D  —  To  for  the  respective  ta>pes,  and  the  last  column  gives 
the  difference  in  length  of  the  two  tapes  at  0^  C,  found  by  subtracting 
the  result  in  the  third  column  from  the  cx>rre8ponding  one  in  the  fourth: 

Table  XIV. — Obttvrved  difference  of  tape  lengths  at  0"^  C. 


Date. 

No.  c.f 
compari- 

Mean  value  of  D—  7"»  for— 

1 

ato'C.      , 

SOIlfi, 

Tape  85. 

Tai>c  88. 

1 

1 

1892. 

mm. 

WW, 

mm. 

Oct.      18 

14 

-068 

-3-37 

-269 

«9 

13 

-pO-IO 

-274 

284 

20 

21 

-078 

—3-41 

263 

21 

24 

—070 

-305 

2-35 

In  deriving  a  final  mean  value  of  Tag—  Tgs  from  the  results  in  the  last 
column  of  the  above  table  it  is  thought  best  to  assign  weights  propor- 
tional to  the  number  of  comparisons,  except  in  the  case  of  the  result  of 
(Jctober  20.  On  this  date  the  observations  were  not  extended  into  the 
night,  and  the  result  from  them  is  for  this  reason  of  less  weight  than 
the  other  results.  Hence  we  assign  a  weight  2  to  the  result  of  October 
21  and  a  weight  1  to  each  of  the  other  results.  Their  weighted  mean 
is  then 

4.  2*57'"'"  ±  0*07"'"'. 


This  is  larger  by  ()*12""»  than  the  difference  in  length  of  the  tapes 
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furnished  by  their  eqaations  given  in  section  14,  Chapter  IV.  This 
hitter  difference  is 

2*45™'"  ±  0*08™%  ^  ^'  ^ 

as  shown  in  section  23  above.  The  discrepancy  0'12">™  is  thus  only 
once  and  a  half  times  its  probable  error,  so  that  we  can  not  infer  with 
any  considerable  probability  that  any  change  in  the  relative  lengths  of 
the  tapes  has  occurred  since  their  absolute  lengths  were  determined  on 
the  iiolton  comparator.  It  is  possible,  however,  as  remarked  in  sec- 
tion 23,  that  this  discrepancy  may  arise  from  a  lack  of  defining  power 
of  the  hand-magnifying  glasses  used  in  the  tape  comparisons  at  St. 
Albans.  Such  power  would  not,  it  is  believed,  preclude  the  occurrence 
of  an  actual  error  equal  to  this  discrepancy.  It  may  be  remarked, 
however,  that  the  maximum  possible  error  of  St.  Albans  Base  due  to 
this  discrepancy,  even  if  real,  is  only  slightly  greater  than  one  two- 
millionth  part  of  its  length. 

Finally,  it  seems  worth  while  to  give  the  results  of  certain  observa- 
tions made  on  October  24, 1892,  for  the  purpose  of  getting  an  idea  of 
the  error  involved  in  the  oi)eration  of  laying  and  stretching  the  tape. 
It  happened  on  this  date  that  very  favorable  conditions  for  determining 
this  error  presented  themselves.  That  is,  the  temperature  was  very 
steady,  the  sun  being  obscured  by  clouds;  there  was  equilibrium  of 
radiation  as  shown  by  the  near  equality  in  readings  of  the  thermome- 
ters with  black  and  bright  bulbs,  and  there  was  little  if  any  wind. 
Under  these  ciicumstances  three  sets  of  observations  were  made  with 
the  tape  and  thermometers  in  the  same  way  that  observations  are  made 
in  measuring  a  line,  except  that  the  tape  was  not  removed  from  the 
support  nails  of  the  comparator,  and  that  the  position  of  its  front  end 
was  read  on  the  millimetre  scale  instead  of  being  marked  on  a  zinc 
plate.  The  tension  of  the  tape  was  in  each  case  brought  up  from  zero 
to  the  standard  amount,  and  all  other  operations  performed  in  precisely 
the  same  manner  as  in  the  work  of  measurement.  Table  XV  below 
gives  the  results  of  these  observations.  The  first  column  gives  the 
limiting  times  of  day  of  the  groups  of  observations;  the  second  gives 
the  temperature  observed  by  the  thermometers;  the  third  gives  the 
reading  of  the  tape  on  the  scale  at  its  front  end,  the  tape  being  set  in 
each  case  to  coincidence  with  the  mark  at  its  rear  end;  the  fourth  gives 
the  values  of  1>— To,  or  the  difference  between  the  comparator  interval 
and  the  length  of  the  tape  at  0""  C;  and  the  last  column  gives  the  dis' 
crepancies  v  between  the  individujil  results  for  any  group  and  their 
mean. 
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Table  XV. — Results  of  ohservationH  of  error  in  laying  a  tape  length. 


Time. 

Tempera- 
ture. 

S<-a1e  read- 

/)-7-. 

V 

1892. 

0 

mm. 

mm. 

mm. 

Oct. 

24,   4:29 

11-51 

12*5 

-fo  10 

f-005 

11  36 

12-3 

14 

f    01 

1 

1 

11-36 

12-2 

-24 

—  -09 

11-26 

121 

•23 

-08 

11-21 

12-1 

•17 

-  -02 

1 

nil 

12-1 

06 

-h  -09 

11-16 

12-1 

-12 

^■  03 

■ 

4:35 

11-11 

12-0 

-16 

—  -oi 

4:5« 

10-27 

no 

-fo-24 

}  002 

10-32 

iro 

•^0 

•04 

1032 

no 

•30 

-  -04 

1037 

II  1 

•25 

-f-  01 

1032 

ii-i 

-20 

J   -06 

10-32 

iro 

•30 

-  04 

1032 

no 

•30 

-  04 

4:57 

10-42 

11-2 

21 

.  -05 

5:04 

10-22 

n-i 

-foo9 

{  001 

10-22 

III 

•09 

f-  01 

1017 

no 

•13 

•03 

IO-22 

no 

19 

—  -09 

IO-22 

III 

•09 

-h    'Ol 

5:10 

10-17 

ii'i 

•03 

+  07 

1 

The  residuals  given  in  tlie  last  column  of  this  table  arise  from  errors 
in  defining  the  positions  of  the  tape  at  its  ends,  from  friction  of  the 
tape  on  its  supports,  and  from  variations  in  temperature  of  the  tape 
not  registered  by  the  thermometers.  Presumably,  the  latter  source 
contributed  little  to  the  resultant  error  during  the  short  periods  of 
time  covered  by  the  groups  of  obervations;  but  whether  allowance  be 
made  for  the  temi)erature  error  or  not,  it  appears  that  the  0|)eratioii  of 
placing  and  stretching  the  tape  was  subject  to  very  small  errors. 
Thus,  the  average  value  of  the  residuals  in  the  table  is  i  0*04™™,  the 
maximum  0*09"^"',  and  the  corresponding  probable  error  of  a  single 
value  of  1)  —  To  is  ±  0'03"'"'.  The  probable  error  of  laying  a  single  tape 
length  is  undoubtedly  somewhat  greater  than  this  amount  under  such 
conditions  as  are  met  on  the  average  in  field  work;  but  it  seems  essen- 
tial to  conclude  from  the  above  observations  that  the  more  formidable 
errors  which  afll'ect  such  tape  measurements  as  have  been  described  in 
the  preceding  pages  arise  from  defective  means  of  getting  the  tapers 
temperature  rather  than  from  imperfections  of  manipulation.* 

*The  resalts  of  the  experinu'ntH  ou  tlie  elongation  of  the  tapo«  for  incrementii  to 
the  norninl  tension  are  given  in  Supplement  H,  seetion  5. 
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Sl^PPLEMENT   A. 
METHOD  OF  COMPUTING  CORRECTION  FOR  FLEXURE  OF  5"«  BAR  Jin. 


(1)  Xature  of  flexure  considered. — As  ox])laiiie(l  in  Chapter  I,  section 
3,  the  normal  lengtli  of  the  5'"  bar  i^,-  is  the  distance  between  its  end 
transverse  graduations  when  the  npi>er  surfaces  of  the  alignment  plugs 
are  in  one  plane  and  when  tlie  longitudinal  marks  on  those  plugs  are 
in  the  same  straight  line.  Whenever  the  bar  is  Hexed,  the  distance 
between  the  graduation  liiu^s  is  less  than  the  normal  distance.  The 
Hexure  here  considered  is  that  due  to  changes  in  temperature  of  the 
vertical  web  of  the  Y-trough  and  to  variable  load  on  the  same.  This 
Hexure  is  in  a  vertical  plane,  and  it  is  measured  by  means  of  the  long 
striding  level  in  the  manner  described  in  section  9,  Chapter  I.  The 
level  reaches  from  any  plug  to  the  second  a^ljacent  plug  on  either  side, 
consecutive  plugs  being  4!!5"""  apart. 

Before  trying  the  appariitus  it  was  feared  that  this  tiexure  might  be 
considerable  during  the  course  of  a  day  presenting  wide  temperature 
variations,  and  hence  tidequate  provision  was  made  for  measuring  the 
curvature  of  the  bar  and  computing  a  correction  therefor.  Experience, 
however,  has  shown  that  such  f<».ar  was  ill-founded.  It  fias  shown,  in 
fact,  that  by  means  of  the  long  striding  h'vcl  the  bar  may  be  made  so 
straight  in  the  Y-trough  that  no  appreciable  variaticm  in  its  length  will 
result  in  the  course  of  any  ordinary  da3\  The  Largest  correction  for 
such  flexure  which  has  occurred  in  our  exiierience  with  the  bar  is  0'35m^ 
which  may  well  be  regarded  jis  a  negligible  quantity.  But  it  might 
happen  that  so  close  an  adjustment  would  not  be  secured  always,  or  it 
might  happen  that  in  the  course  of  a  considerable  length  of  time  wide 
variations  in  temperature  of  the  external  air  would  occur  and  produce 
sensible  changes  through  flexure  in  length  of  the  bar.  It  seems  worth 
while,  therefore,  to  give  the  resuIt^s  of  my  study  of  this  question, 
although  it  need  not  be  a  very  im])ortant  one  with  the  iced  bar  appa- 
ratus. 

Before  proceeding  to  the  details  of  the  question,  it  may  be  remarked 
that  the  flexure  here  <*onsidered  is  due  almost  wholly  to  temperature 
changes  in  the  web  of  the  Y-trough.  Such  changes  are  noticeable  from 
day  to  day,  as  a  rule,  rather  than  during  a  given  day.  In  our  experi- 
ence they  have  partaken  of  the  character  of  seasonal  changes,  or  of 
such  slow  changes  as  accompany  a  hot  or  cold  wave.  Thus,  for  exam- 
ple, during  the  last  set  of  measures  of  the  standard  kilometre  of  Ilolton 
Bivse,  in  September,  18111,  the  air  temperature  was  pretty  high  and  the 
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bav  was  concave  upwards.  About  ten  day8  lat'Cr,  in  early  October,  the 
ail*  temperature  had  falleu  about  15"^  C,  and  the  bar  at  this  time  when 
used  on  the  1(H>»"  comparator  was  markedly  convex  upwards. 

In  the  construction  of  tlie  bar,  pains  were  tiiken  to  make  the  upper 
surfaces  of  the  alignment  plugs  e(|ual]y  distant  from  its  neutral  sur- 
face. This  was  accomplished  with  pre<*ision  by  means  of  the  striding 
level  referred  to  above;  and  wcj  may  assume  that  a  surfa<*e  similar  to 
and  parallel  with  the  neutral  surface  of  the  bar  can  be  drawn  tangent 
to  all  of  the  alignment  plugs.  The  sinuosities  of  this  surface,  or,  more 
definitely,  of  the  line  in  this  suface  cut  out  by  the  vertical  alignment 
plane  of  the  bar,  are  measured  with  the  striding  level;  and  they  accord 
sensibly  with  the  sinuosities  of  the  corresponding  line  in  the  neutral 
surfa(*e. 

(2)  Theory  of  computation, ^\X  s  be  the  length  of  any  <»urve  whose 
rectangular  co-ordinates  are  .r  and  //, 

» 

In  the  case  of  the  5"'  bar  here  consich^red,  dythr  is  always  very  small, 
so  that  w<»  mav  write 


ih 


=  ^'*  4-  ^  (  ^iirj  ^^''' 


whence>  the  coiTe<*tion  for  curvature  of  the  bar  is 

I"  -  'I  =  'SitJ''- .  (1^ 

taken  between  proper  limits. 

Consider  the  sinuous  curve  defined  above.  If  it  could  be  completely 
determined,  it  would  be  tangent  to  the  j)lug8  1,  3  ...  11  whei-eon  the 
long  striding  level  is  applied.  Refer  this  curve  to  a  system  of  rectangu- 
lar axes,  the  origin  being  at  plug  No.  1  and  the  axis  of  x  being  the 
sti-aight  line  joining  the  terminal  plugs  1  and  11.  The  level  readings 
at  any  time  giyei  the  co-ordinates  of  the  plugs  3,  5  ...  11  relatively  to 
a  system  of  axes  having  the  same  origin  and  a  horizon t^il  line  tangent 
to  plug  No.  1  as  axis  of  obscissas.  Calling  the  co-ordinates  in  the  lat- 
ter system  a?',  y',  and  denoting  the  sine  of  the  incjlination  of  the  two 
systems  of  axes  by  (T,  we  have,  since  cf  is  always  small, 

.r       x\ 

The  quantity  a  will  vaiy  from  time  to  time,  or  from  set  to  set  of  obser- 
vations, while  the  values  of  y  for  any  plug  will  renmin  constant  for  a 
given  adjustment  of  the  bar  and  for  stable  temi)erature  of  the  Y- trough. 
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Let  A|,  h2j  .  .  ,  hi  be  the  meaBiured  values  at  any  time  of  the  relative 
lieight^  of  phigs  1  and  3,  3  and  5,  ...  9  and  11,  respectively;  and  let 
ri,  thy  .  •  .  tJs  be  the  most  probable  corrections  to  ^j,  ^2  •  •  •  respec- 
tively. Thus  if  we  call  the  distance  between  the  feet  of  the  striding 
level  I,  and  denote  the  ordiuates  of  the  plugs  3,  5,  7,  9, 11  in  the  fiist 
system  of  co-ordinates  by  yi,  2^2,  ••  •  ys?  we  have 


lU  =  h 
ys=^  h 


4-  ^1  —  l<y, 

+  -Wi  4-  ^  4-  Vi  —  2l(Xy 

+  ^i  4-  ''2  4-  ^2  4-  '^3  4-^3  —  3^0-, 

4-  t?,  -f  A2  4-  ^«  4-  ^3  4-  t'3  4-  /'4  4-  t%  —  ilcr, 

4-  I'l  4-  ^  4-  ^3  4-  ^3  4-  ^3  4-  ^4  4-.  t?4  +  ^5  -f  Vs  —  5f(r. 


From  these  it  follows  that 


l(T  +  yi  -  hi  =  ri, 

^cr  4-  3/2  —  2/1  —  hi  =  r2, 

l<y   +   3/3   —   yz   —    /'3  =   V-3J 

i<y  +  yi  —  y3  —  /<4  =  v^j 

i(T  +  ys  —  y*  —  h  =  ^5. 


(2) 


Now  the  function   of  j',  q){ijp)  say,  which  is  to  represent  the  curve 

whose  length  is  sought  must  evidently  fulfill  the  following  conditions, 

namely: 

(p  {x)  =  0  for  ;r  =  0, 

^  (ii?)  =  0  for  X  =  5i. 


The  most  general  form  of  such  a  function  is 

y  =  <p(x)  =  a  sin  2  n  f^^+  b  sin  4  n  '^-,4-.  •  •  •  , 


lOi 


10/ 


(3) 


wherein  a,  ft,  .  .  .  are  constants.  Since  the  number  of  observation 
equations  (2)  is  limited  to  5  (in  this  case),  the  number  of  constants  or 
terms  in  (3)  must  be  limited  to  4. 

Giving  to  a?  in  (3)  the  values  i,  2/,  .  .  .  5/  successively,  the  values  of 
!/i?  3/2?  ••  •  ^5  result;  and  if  we  write  for  brevity 


ff'  =  2  a  sin  j^o  ^1 
//  =  2  b'  sin  Y^o  ^> 


(1) 


a  =  i\-  ;r,  /^  =  iV  TTy  y  =  I 


7T, 


t    •    • 


the  above  equations  (2)  become 

/(/  4-  a'  cos  ^r     4-  ft'  cos  ft     •\-  d  cos  ;/     4-  .  . 

Id  -f        ros  3  a  4-       cos  3  /?  4-       cos  3  ;/  -f  .  . 

/rr  +       cos  5  ri-  -I-  •    cos  5/^4-      cos  5  ;/  4-  .  . 

/^  4-       cos  7  «  4-      cos  1  p  +      <ros  7  y  +  .  , 

la  4-       cos  9  6r  4-      cos  9  /:^  4-      cos  9  }/  4-  .  ^ 


hi 
h2 

h, 
h, 


t?2. 


('•) 
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By  the  method  of  least  squares  there  result  from  equations  (4)  and 
(5)  the  following  values,  wherein  n  is  successively  1,  3,  /i  .  .  .  9: 

a  =  I^^?r ^-^],  b  =  l^^.«  'i/],  (6) 

5  siu  a  .»  8111  p  ^ 

_  [A  cos  »  ;/J 

The  constiints  a,  b,  c,  .  .  .  in  (3)  are  thus  fonnd  from  the  observed 
quantities  h. 

If  now  for  brevity  we  put 

equation  (3)  may  be  written 

y  =  a  sin  ^  -f  />  sin  2  ^  +  c  sin  3  6^+  ...  5 
whence, 

^2^=:  ^^  (a  cos  6  +  2b  (»08  2  6^  +  3  c  cos  3  ^  +  .  .  .  )• 
This  value  substituted  in  equation  (I)  gives 


0  0 


=  j-^    C{a  cos  fi  +2bcx)H2f^  +  .  .  .  y-de  (7) 


0 


n^ 


20/ 

The  last  member  of  (7)  gives  the  correction  for  flexure  \m  —  x]  by  an 
easy  computation  after  the  values  of  a,  6,  c,  .  .  .  have  been  found  from 
equations  (6).  In  all  cases  to  which  the  formulas  have  been  applied 
the  first  three  terms,  or  those  in  a,  b^  c,  have  sufficed. 

(.y)  Example  of  computation, — As  an  example  of  the  application  of 
the  preceding  formulas  the  following  case,  which  is  the  case  of  greatest 
flexure  observed  with  the  apparatus  may  suffice.    It  occurred  on  July 
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27,  1802.    The  observed  quantities  h  and  the  coiuputed  quuutities 
h  cos  n  a,  h  cos  n  fi,  etc.,  ar< 


A.  A  cos  na.  h  cos  n  0,  h  cos  n  y.  h  coi  n  6. 

mm.  mm.  mm.            mm.  mm. 

—  0324  — 0-308  — 0-262  — 0-191  -  o-ioo 

—  -108  —    -064  f    -033  -L    -loj  -087 

—  '018  -ooo  ;-    -018             -ooo  —     018 
-j-    -288  —    -169  —    -089  -}-     274  -    -233 

+     720        —     -685         -f      -582        —     -423        -i        -222 

Sum     —  1-226      -f-  0-282      —  0-237       —  0042 

Then  the  values  of  a,  ^,  c,  (?,  found  from  (6),  and  a\  46^,  etc.,  for  use 
in  (7)  are 

mm. 
a  =  -  0-793,      a*  =  0«20, 
6  =  +    -096,    46»  =    -037, 
c  =  -    -058,    9c2  =    -030, 
c?  =  -    -009,  10^  =    -901, 


Sum        0-097 

Hence,  since  I  =  990'""', 

[8  -  x\  =  O-So", 
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Supplement  B. 

MATHEMATICAL  THEORY  OF  METALLIC  TAPES. 


(1)  Object  of  investigation. — The  use  of  long  metallic  tapes  or  wires 
in  measures  of  precision  gives  rise  to  a  number  of  questions  which  can 
only  be  Itnswered  by  a  competent  mathematical  theory  or  by  a  series 
of  elaborate  experiments.  Thus,  in  the  use  of  such  tapes  it  is  essential 
to  know  how  to  compute  the  change  in  length  due  to  a  change  in  ten- 
sion, the  change  in  length  due  to  a  change  in  the  number  of  supports  on 
which  the  tape  rest's,  the  change  in  length  due  to  a  change  in  weight  per 
unit  length  of  the  tape,  etc.  It  is  the  object  of  this  brief  investigation 
to  give  so  much  of  the  theory  of  such  tapes  or  wires  as  is  needed  to 
answer  these  practical  questions. 

(2)  Equations  of  equilibrium  of  elastic  tapes, — The  theory  of  the  equi- 
librium of  elastic  strings,  tapes,  etc.,  is  given  in  one  form  or  another 
in  various  treatises  on  mechanics.  It  generally  proceeds,  however,  on 
the  assumption  of  <^ perfect  flexibility"  of  the  materialof  the  tape,  or  on 
some  other  doubtful  assumption  as  to  the  internal  stresses  of  that 
material.  Properly  sx)eaking,  the  inquiry  belongs  to  the  theory  of  elas- 
ticity, and  its  correct  basis  has  been  clearly  set  forth  by  Lam6  in  se<;- 
tions  39-41  of  his  Legons  sur  la  Th^orie  Math^matique  de  I/filasticite 
des  Corps  Solides.* 

A  tape  as  here  considered  is  an  elastic  body  of  small  cross  section 
subject  to  tension  applied  at  its  ends  and  to  any  bodily  forces,  but  tree 
from  surface  tractions.  The  cross  section  must  be  so  small  that  the 
tension  per  unit  area  may  be  considered  constant  over  the  entire  are^ 
of  any  section.  Let  cw  be  the  cross  section  and  p  the  density  of  the 
tape  at  any  point  of  its  length  defined  by  rectangular  coordinates  x.  y, 
z.  Let  T  be  the  total  normal  tension  on  the  section  a?,  and  denote  the 
rectangular  components  of  the  bodily  forces  by  X,  F,  Z,  respectively. 
Then  the  investigation  of  Lam^  just  referred  to  shows  that  the  equa- 
tions of  equilibrium  of  the  elenient  of  mass  pa^ds  are 


dx 


dH 


-h  fiooX  =  0, 


''*<-  +  ^a>y=0,  (1) 


dH 
*  Second  edition,  Guutliier-Villars,  runs,  I8tJ6, 
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TLese  oquations  coiitaiu  the  general  theory.  To  adapt  them  to  our 
piirpo8e8  wo  observe,  first,  that  the  only  bodily  force  acting  on  a  tape 
when  used  as  a  standard  of  length  is  gravity,  and,  secondly,  that  tlie 
curve  assumed  by  such  a  tape  lies  wholly  in  a  vertical  plane.  Thus,  if 
we  take  this  plane  to  be  that  of  xy^  y  being  considered  positive  upwards, 
w<»  may  write  X  =  0,  and  Y  =  —gin  the  first  two  of  equations  (1),  and 
they  become 

d.  ^  (2) 


"O'*) 


-dr-    ='<■ 

Further,  let  Po?  c^^oj  ^««  ^  the  density,  cross  section,  and  length  of 
the  element  of  the  tape  considered  when  it  is  not  under  tension,  ds  is 
thus  the  stretched  and  ds^  the  unstretched  length  of  this  element. 
Also,  let  Ai  be  the  reciprocal  of  the  modulus  of  elasticity  of  the  tape 
multiplied  by  the  area  of  its  cross  section.  Then,  since  the  mass  of  the 
element  remains  constant  and  Uooke's  law  applies  to  its  elongation, 

pcods  =  poOOodSoj 

(/*  =  (!  +  ^iT)dSo.  ^  ^ 

Since  the  tapes  we  consider  are  of  uniform  cross  section  when  un- 
stretched, we  may  write  for  the  weight  per  unit  of  unstretched  length 

w  =  PoO^oO-  (4) 

By  means  of  the  relations  (3)  and  (4),  equations  (2)  may  be  given  the 
following  forms: 


"  ( '•s ) 


dH 


dy 


"(Tl) 


ds 

d8—    =  '"' 


'O 


"(^S) 


3.  Ex.  37—31 


^  =0. 
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(3)  Integration  of  equatioiut. — A  first  integral  of  the  secoud  cff  equa 
tiou8  (5)  is 

T  ,    =  a  coiistaut  =  r,  say, 

where  t  is  the  horizontal  component  of  the  tension,  or  the  tension  at 
tlie  lowest  point  of  the  curve  assumed  by  the  tiipe.  From  this  e<]ua- 
tion 

which,  substituted  in  the  first  of  (5),  gives,  after  some  obvious  changes, 

it  i  dy 


r   ''("^) 

7^  +  (2)  "■•" 


The  first  integral  of  this  equaticni,  if  we  take  the  origin  at  the  lowe^st 
point  of  the  curve  so  tliat  dy  d.r  =  0  for  a?  =  0,  is 


""K^f  W '  +  (g)') 


+  //  r-  dy  =  wx. 


In  order  to  integrate  again,  we  may  expand  dy'dx  as  a  function  of  the 
snnill  quantity  //  by  means  of  Maclaurin's  series.  Thus,  the  last 
equation  gives  for  j.i  =  0, 

^^  =  ^  (e  i  «''/^  —  e-  *^'-^'^), 

iM-X 


d  ('^'^ 


dxy^  =  J  T  (f  +  *  '^-»/'^  —  c  -  « '"'^/j)j 
dpi 


in  which  e  is  the  Napierian  base.  On  account  of  the  minute,  value  of 
pi  for  metaUic  tapes,  the  higher  ditt'erential  coetlicients  of  dy/dx  with 
respect  to  //  are  not  needed.  Hence,  to  terms  of  the  first  order  in  //, 
we  have 

^  =  4  (^  "*■  ^"^^^  —  e—  ''■''^1'' )  +  J  r  (e  ^  "  '''•'/^  —  e  —  » «'-»^A )  ^ 
whence,  since  the  origin  is  on  the  curve, 
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For  brevity  put 

a='^  (8) 

Thou  equatiou  (7)  gives  by  cxpausion 

^  =  A  ax^  +  2^  a^  ^^  +  ^i.j  a'  ./•«  +  ..  , 

+  (i  ^  +  i  ^''  ^  +  A  «*  ^  +  .  .  .)  /^  t*'. 
Keferriug  uow  to  equatious  (6),  their  lirst  iutegrals  are 


(9) 


(10) 


where  ft  ami  r  are  constants,  the  latter  being  as  explained  above  the 
liorizoutal  component  of  the  teusion.  The  sum  of  the  squares  of  (10) 
gives 

n  =  r»  +  w'  («o  +  ft)'.  (11) 

Elimiuatiug  T  and  (h  from  (10)  by  means  of  (3)  and  (11),  there  result 


dy  =  /v/rK +  /?)(?/<„+     :.^^ 


to  (So  +  ft)  ^o 


y 


V  T«  +  tr«  («o  +W 

^  V  r^  +  tr^  («o  +  ft)^ 

If  tlie  origin  be  taken  on  the  curve,  the  integrals  of  these  eiiuations 
are* 

^  =  A  ri  (1  +  y.  r)  i(A<,  +  ftf  -  /^;  -  J  cr»  i(*o  +  /^)*  -/?*{+...  , 

j;  =  (1  +  ;/  r)  *„  -  i  a'  |(*o  +  /^)'  -  /^'i  +  .  .  .  (12) 

The  differential  er[uatious  of  equilibrium  (o)  and  (6)  are  thus  com- 
pletely integrated,  and  the  form  of  the  curve  assumed  by  the  tape  is 
assigned  by  either  (7),  (9),  or  (12), 

It  will  be  essential  in  what  follows  to  have  an  expression  for  the 
unstretclied  length  of  the  tape  So  in  terms  of  x  for  the  case  in  which  the 
ends  of  the  tape  arc  in  the  same  horizontal  line.  In  this  case,  if  we 
take  the  origin  at  the  lowest  point  of  the  curve,  or  at  the  middle  point 
of  its  length,  /tf  =  0,  and  the  second  of  (12)  gives 

^'  =  (I  +  ^t)  «o  -  i  a*  «o^  +  A  a*  «o*  -  •  •  • 


115  "'•o    —  , 


*The  finite  forms  of  the  integral n  of  these  equations  are  not  so  well  adai>tcd  to 
our  parx>ose8  as  the  series  given  in  the  text. 
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whence,  by  reversiou,  we  liave  to  a  Hufficieiit  degree  of  approximation 

«o  =  (1  -  Mr)  X"  +  J  a*  J,-3  -  :  •  • .  ^13) 

(4)  Sag  of  tape. — The  sag  of  a  tape  is  the  vertical  distance  of  its 
lowest  point  below  either  of  its  adjacent  points  of  support.  It  is  the 
value  oiy  in  equation  (7)  or  (9)  when  x  is  the  abscissa  of  the  point  of 
supi>ort  to  which  the  sag  is  referred.  When  the  supports  of  a  sectitin 
of  a  tape  are  in  the  same  horizontol  line,  the  sag  is  found  from  (9)  by 
substituting  for  x  half  the  span  of  the  section. 

It  will  be  of  interest  to  consider  a  nuinei*ical  example  with  reference 
to  the  tax>es  used  with  the  tape  base  apparatus  described  iij  Chai)ter 
IV.    Thus  we  have  for  steel  tape  No.  85: 

« 

Weight  per  metre  of  length  =  /r  =  !i2'32  graiiiiiie^, 
applied  tension  (25*5  pounds)  =  t  =  1 1567  grammes. 

Hence  the  constant 

a  =  (wiT)  =  193  X  10-*. 

We  also  have  for  this  tape 

/i  =    16  X  lO"*  for  the  gramme  as  unit, 
=  450  X  10"*  for  the  ounce  as  unit. 

With  these  data  the  computation  of  the  sag  for  a  si>an  of  40"  {x  =  20*") 
by  equation  (9)  runs  as  follows : 

i  a  j-2  =  0-386000 

ji-^  a' ,/  ^  =    -OOOOIS 

J  /i  /r  .r-  =    -000072 

«ag  =  i/  =    -386120 

It  appears  therefore  that  for  such  a  tai>e  and  such  a  tension,  the  sag 
for  spans  less  than  40"'  in  length  is  given  with  sufficient  accuracy  by 
the  simple  formula  y  =  J  a  x'^, 

(5)  Change  in  length  of  tape  due  to  change  in  tension, — Suppose  a  tape 
supported  at  a  number  of  equidistant  i)oints  all  in  the  same  horizontal 
line.    Let 

n  =  the  number  of  sections  into  wliiirh  the  tai)e  is  divided  by  the 

equidistant  supports,  . 
/  =  the  span  of  any  such  section, 

l^  =  the  unstretched  length  of  the  tupe  in  the  same  section, 
L  =  the  normal  length  of  the  entire  tape,  or  right  line  distance 

between  its  terminal  mai'ks  when  under  standard  teiision 
=  21. 
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Making  /^  =it  0  in  tbe  second  of  equations  (12)  (since  tbe  supports  are 
assumed  to  lie  in  a  horizontal  line),  and  putting 

we  get 

l  =  (l  +  /ir)/„-  ^i-a^/,^»  +  .  .  ..  (14) 

Since  the  sections  are  of  equal  length  we  have 

^lz=.  L  =  {1  +  ^4T)nh-~  sV  71  a«  h^  +  •  •  • .  (15) 

Differentiating  this  with  respect  to  r,  the  change  in  length  of  the 
tape,  J2>i  say,  due  to  a  change  Jr  in  r  is  found  to  be 

AL,  =  nk^jT  +  -i\  a''nl\  ^^.  (16) 

Obviously  one  may  use  /  for  ^o  in  this  formula,  a  roughly  approxi- 
mate value  of  lo  being  in  general  quite  sufficient  for  com])ating  the 
small  quantity  JLi. 

Example, — For  tape  No.  85  when  supi)orted  at  equidistant  intervals 
of  10"»  we  have — 

n  =  10, 
/  =  10'", 

ic  =  22-32  grammes  per  metre, 
T  =  25*5  x>ouuds  =  lir>(>7  grammes, 
a2=  {wjrf  =  372  X  10-«, 
/i  =  16  X  10-^  for  gramme  as  unit, 
=  450  X  10-'^  for  ounce  as  unit.* 

lienor  for  Jr  =  1  ounce, 

nlpidr  =  10  X  10"'  X  450  X  10  9  =  0-0450 

iKa^ltP'^^  =  -h  X  372  X  10-«  x  10*  x  ^i^  =  0-0076 

JL,         =  00526 

It  may  be  observed  that  the  quantity  JXi  can  be  measured  directly 
by  increasing  and  decreasing  the  tension  r  in  the  vicinity  of  its  standard 
value.  From  a  small  number  of  observations  made  in  1891  by  this 
process  the  value  AL^  =  0-047'""  per  ounce  was  found  for  tape  85  with 
T  =  25-5  pounds.    A  more  elaborate  series  of  observations  made  in 


*  Since  the  cross  section  of  tlie  tape  is  6'34"»">  x  0*47""',  or  0*0298  square  centi- 
nietres,  the  value  of//  corresponds  to  a  modulus  of  2*1  x  10^  kilogrammes  per  square 
centimetre  or  30  x  10"  pounds  per  square  inch.  This  value  of  //  was  determined  by 
measuring  the  variations  of  length  of  a  piece  of  the  taj^e  due  to  variations  in  tension 
when  the  tape  lay  on  the  flat  Mural  Standard  of  the  Coast  and  Geodeti<&  %\u^«^« 
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1802  with  the  mime  tsipe  and  tennioii  ^ave  Jti  =  0*(Kj:i"»'"  i>er  onnce, 
which  agrees  well  with  the  value  just  comput^Hl  from  the  weight  per 
unit  of  length  and  the  inoduhis  of  elasticnty  of  the  tape.  The  value 
JLi  =  O'O^'"*"  may  be  adopte<l  for  tai)e8  85  and  88  when  r  =  25-5  pounds. 

(6)  Chafige  In  Irngth  of  tape  diie  to  chan{fe  in  number  of  supporte. — Sup- 
pose the  tHi)e  divided  by  its  equidistant  supports  (all  in  the  same  hori- 
zontal line)  first,  into  /i|,  sections  of  length  /{,  and  secondly,  into  n^ 
se(*tions  of  length  /^.  Then,  tissuming  the  tension  the  same  in  both 
cases,  the  difference  in  distance  between  the  terminal  marks  of  the 
tape,  JLt  say,  as  shown  by  equation  (14)  is 

JU  =  ^  (k  -  /i)  =  i,\/i'^  (nih'  -  fhh'h  (17) 

/«-2>n|. 

When  a  tape  is  supported  throughout  its  length  on  a  horizontal 
plane,  as  on  a  mural  standard,  th  in  (17)  becomes  infinite  and  It  infini- 
tesimal. If  we  denoti^  the  length  of  the  tape  in  this  case  by  X  q^  =  2lt 
and  call  its  length  in  the  case  of  n  sections  Lq  =  Sly  equation  (17)  gives 

L  y,  -  7>n  =  /,  a^  nP.  (18) 

To  find  the  shortening  of  a  tape  due  to  the  omission  of  one  snpport, 
we  have  only  to  make  n^  =  2,  Ui  =  1,  and  li  =  2li  =  21  say  in  (17).  It 
gives  thus 

JL2  =  \(r'i\  (19) 

I  being  the  length  of  a  section  when  no  supports  are  omitt^. 
Similarly  the  omission  of  m  (*.ousecutive  supports  shortens  a  tape  by 

A-  m  (m  +  1)  (w  -h  2)  <(T. 

where  I  is  the  length  of  a  se<*tiou  when  no  supports  are  omitted. 

Xumerical  examples, — (1)  Kor  the  KKV"  tape  No.  STf,  ni  =  5  and  li  =  20" 
when  the  supports  are  20"'  apart;  and  w^  =  10  and  U  =  10"'  when  the 
supports  are  10'"  ai>art.  Hence  in  this  case,  since  a*  =  372  x  10-*, 
when  the  tension  is  1^5*5  pounds,  (17)  gives 

JXa  =  2\  X  372  X  10  »  (  r>  (20)3  __  10  (10)3  j  ^  4-65™'". 

(2)  For  the  same  tape  the  omission  of  one  support,  supposing  them 
to  be  10"'  apart,  or  Z  to  be  10"',  shortens  it  by  0-93"""  as  shown  by  (19). 

(3)  Equation  (18)  shows  that  tape  Ko.  85  would  be  1*55™"»  longer 
when  lying  on  a  horizontal  surface  than  it  is  when  supported  at  equi- 
distant intervals  of  10"',  the  tensicm  in  both  cases  being  25*5  pounds. 

(7)  Change  in  length  of  tape  due  to  change  in  ir eight  per  unit  length, — 
It  is  of  some  interest  to  have  an  expression  for  the  change  in  length  of 
a  tape  due  to  a  change  in  its  weight.  Such  changes  may  occur  from 
wear  or  from  a  deposit  of  dew  on  the  tape.    An  expression  is  found 
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by  differentiating  (15)  with  respect  to  w.    Thus,  calling  the  cliange  in 
(question  J  />3,  ,we  find,  since  a  =  tr/r, 

dU^^-^nan^  ^'^  (20) 

to  ^ 

This  formula  shows,  for  example,  that  when  the  lOO"*  tape  No.  85  is 
supported  at  equidistant  intervals  of  10™  and  is  under  a  tension  of  25*5 
pounds,  or  when 

I  =  10»", 
n  =  10, 
««  =  372  X  10-*, 

JL,  =  -3-1'""^  X  '^^. 

'    w 

Thus,  in  order  to  produce  a  chanp:e  of  the  millionth  part  in  this  tapers 
length,  or  in  order  to  make  J/>3  =  0*1""",  we  must  have  Jir  =  ir/31. 
Obviously,  no  such  change  as  this  is  likely  to  occur  in  the  length  of  a 
tape.^ 

(8)  Change  in  length  of  tape  due  to  slope  of  its  supports, — In  the  use  of 
long  tapes  for  nieasuring  lines  of  precision  the  8U]>ports  for  any  tape 
length  are  placcnl  in  tlie  same  straight  line.  It  is  plain  tbiit  if  this  line  is 
inclined,  the  distance  between  the  terminal  marks  of  the  tai>e  will  be 
greater  than  when  the  line  is  horizontal.  It  is  plain  also  that  the 
elongation  of  a  tape  due  to  ordinary  slopes  cjin  not  be  very  great,  but 
tlieir  use  in  refined  work  requires  that  we  should  know  the  nature  and 
extent  of  such  elongation. 

The  question  maybe  investigated  in  the  following  manner:  Equa- 
tions (12)  give  the  rectangular  coordinates  of  any  section  of  the  tape. 
Tlie  origin  for  these  coordinates  is  any  point  on  the  curve,  and  is  defined 
by  the  constant  /i.  For  the  present  i)urpose  let  us  i>lace  the  origin  at 
the  left-hand  support  of  the  section  considered,  and  let  Xi  y^  be  the 
coordinate's  of  the  other  end  or  support  of  the  section.  Then  the  span 
of  the  sec'tion,  or  its  length  as  used  in  measurement,  is  y/jif\  -|-  y\. 
But  the  length  of  the  same  section  when  the  supports  are  in  the  same 
liorizontal  line  is  given  by  (14)  as 

Z  =  (1  +  //  r)  /o  -  .A  «'  ^«'  +  .  .  . , 

where  /„  is  the  unstretched  length  of  the  tai)e  in  the  section.    The 
elongation  we  desire  is  then 

per  section  of  the  tjipe.    To  evaluate  this  quantity  we  have  to  find  p 
for  the  assumed  position  of  the  origin,  to  substitute  its  value  in  the 
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cM|uatioii8  (li*),  luul  tliiis  ^ct  Xi  and  yi  in  terms  of  ir„,  or  rather  ?«  a»  we 
Hball  here  denote  the  unstretchecl  length  of  tape  in  the  »eetion. 

Since  in  the  tirst  of  (12)  y  =  y\  for  *„  =  /„,  we  And  by  Maclanrin^s 
series 

"1  •  •  •  7 

or  nearly  onon^li  for  onr  pnr|>o»e 

^  =  -  2  /.,  +  ^^  ^  ^  J  +  ^,^^  (  ^  J   . 

Again,  since  i/i  is  always  small  witli  resi)e<*t  to  j,,,  we  may  use  the 
approximate  expression 

y^m'  +  y^'  -  ?  =  .r,  +  ^l  -  I 

Hence,  siibstitnting  the  values  of  p,  Xi,  and  y^  as  just  explained, 
there  results  for  the  elongation  per  section  of  the  tai)e  to  terms  of  the 

fourth  order  inclusive  in  the  slope  (  -f  )j 

12  ^*^"'  (  /..  )    "^  .s'"(  I^J  • 

liet  H  denote  the  number  of  equal  sections  of  the  tape,  L  the  total 
length  of  the  tape,  h  the  diffei'en^'e  in  altitude  of  its  ends,  and  JL^  the 
total  elongation  due  to  its  slope.     Then,  since 

yx  =  h/n  and  h  =  J^/n, 
the  alK)ve  expression  gives 

JA=,^,^,a^/:^(,^)+.^/.(,^).  (21) 

For  a  tape  KM)'"  long  the  value  of  h  will  rarely  if  ever  equal  6™.  For 
such  a  value  and  for  the  tapirs  Nos.  i-^o  and  S8  when  supiwirted  at  equi- 
distant intervals  of  10'"  we  have,  iia^  =  372  x  10  -", 

Thus  in  this  case  Jfj^  =  0-OS!;""".     Hence  for  such  a  tape  we  may 
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regard  this  correction  as  inscihsible  for  slopes  less  than  5  per  cent  or 
values  of  h  less  than  5"'.* 

(0)  Change  in  length  of  tape  due  to  inequality  in  spacing  of  ita  sup- 
ports.— In  setting  the  support  nails  for  a  tape  length  it  is  impossible 
to  make  the  intervals  between  them  exactly  equal.  Practically,  there- 
fore, it  is  important  to  know  how  great  the  inequality  may  be  without 
intro<lucing  appreciable  error  in  precise  measurements.  This  question 
is  easily  answered  by  means  of  equation  (14).  Thus,  let  /i,  Uy  .  .  ,  l„he 
the  lengths  or  spans  of  the  n  sections  of  the  tape  supposed  unequal;  and 
let  lo  +  ^^i>  'o  +  '^k  .  *  .  lo  +  ^K  be  the  cori'esponding  unstretchecl 
lengths  of  the  tape  for  the  same  sections.  Then,  according  to  (14), 
observing  that  ^M  =  0, 

■ 

2K  =  (1  +  ^ir)  nh  ^  24  ^^'^"'  -  8  «*'«^X^0'- 

If  the  sections  were  all  of  equal  length  I  we  should  have,  to  the  same 
order  of  approximaticm,  for  the  whole  length  of  the  taj)e 

nt  =  (1  +  ywT)  nl„  -  ^|  naH^K 
Calling  the  difterence  of  these  two  exi>ressions  JX5,  we  have 

^Xs  =  ^  aX^{M)K  (22) 


This  gives  the  shortening  of  the  tape  due  to  the  departures  from 
equality  of  the  several  sections.  To  get  an  idea  of  its  extent, 
supi)ose  /111  =  —  Mi  =  JI2  =^  ^  Jli  .  .  .  =  0*1"  in  the  case  of  the 
100°'  tapes  when  supported  at  equidistant  intervals  of  10™  and  when 
a^  =  372  X  10 -\    With  these  data  (22)  gives 

JX5  =  ^  X  M2  X  10~\  10  X  10  X  10*=  0-40". 

o 

It  is  seen,  therefore,  that  in  spacing  the  supports  for  such  a  tape, 
equality  t4)  the  nearest  decimeter,  which  is  easily  attained,  is  amply 
suthcient. 

'  ThiH  investigation  ignores  the  eftect  of  the  change  in  a!*  =r  (w/ry  due  to  the 
slope  of  the  tape.    This  change  is  Ja^  '2a^  {^t/t)  —  tt^  {h/Ly,  which  amounts 

to  only  l/400th  part  of  a-  in  the  case  cited. 
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III.  THE  NEW  SECONDARY  BASE-APPARATUS  OF  THE  COAST  AND 
GEODETIC  SURVEY  AS  USED  IN  THE  MEASUREMENT  OF  THE 
HOLTON  BASE.  INDIANA. 


A  re]K)rt  by  O.  H.  Tiitmanx,  AssiHtant. 

Snbmitte<l  for  publication  November  30,  1891,  and  corrected  for  adopte4l  valoe 

of  five-mptre  Rtandanl  in  February,  1894. 


The  duty  of  measuring  the  Holtoii  Base  with  the  new  secondary 
apparatus,  (tlve-metre  contact  slide  rods  J 3  and  14)  was  assigned  to  lue 
by  a  letter  of  instructions  from  the  Superintendent  of  March  28,  1891. 

As  soon  as  circumstances  permitted  I  reported  to  Assistsint  A.  T. 
Mosman,  in  camp  at  Uolton.  He  had  made  all  the  necessary  prepara- 
tion of  selecting,  clearing,  and  marking  the  line  and  had  organized  the 
force  of  men.  As  soon  therefore  as  the  instruments  arrived  the  meas- 
uring operations  were  begun  by  me  on  July  28.  The  men  had  not  been 
previously  drilled  in  their  duties,  but  gained  the  requisite  skill  and 
rapidity  of  manipulation  as  the  measurement  [)rogre8sed. 

The  base,  including  two  extra  measurements  of  the  standard  kilo- 
metre, was  measured  twice  between  July  28  and  August  13. 

As  soon  as  the  measurement  had  been  finisrhed,  the  lengths  of  the 
rods  were  determined  on  the  Standard  1(K) metre  Comparator,  the 
length  of  which  had  been  found  by  Prof.  K.  S.  Woodward,  Assistant 
Coast  and  Geodetic  Survey,  and  the  relation  of  the  thermometer  indi- 
cations to  the  actual  temperatures  of  the  bars  was  investigated. 

This  report  will  th<»refore  tirst  treat  of  the  results  of  this  investiga- 
tion and  its  bearing  on  the  length  of  the  base,  after  which  the  details 
of  the  measurements  of  tln^  base  line  and  of  the  apparatus,  will  be 
described. 

^COEFFICIENT   OF  EXPANSION   OF  THE   MEASURINCJ  RODS. 

As  will  be  seen  by  referen<*e  to  the  latter  part  of  this  report,  this  was 
determined  at  the  office  in  May,  18J>I,  between  0°  and  37°  centigrade. 

The  temperature  range  was  ample  for  a  mean  value,  but  the  inter- 
mediate points  were  not  suf1ici(»ntly  numerous  to  deduce  the  value  of 
the  expansion  depending  on  the  second  power  of  the  temi>erature. 

The  results  are : 

For  rod  14  the  expansion  =  r>8'509  per  degree  O. 

±  -131 
For  rod  13  the  expansion  =  o8vS6l  per  degree  0, 

±•127 
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giving  as  tlie  mean  expansion  for  the  two  rods 

58*7    per  degree  0.    . 
i  -00 

LENGTH   OF  THE  RODS. 

The  lengths  of  the  rods  depend  upon  the  live- metre  steel  bar  No.  17 
whose  length  was  determined  at  this  office  by  Assistant  Woodward, 
by  (comparing  it  with  National  Prototype  Metre  No.  21.  In  these  com- 
parisons the  Prototype  as  well  as  No.  17  was  kept  in  melting  ice. 

The  resulting  length  of  No.  17  was  found  to  be  at 

0°O.  =  5'"  -180 

-t    0-8 

No.  17  is  a  line  measure,  while  rods  13  and  14  are  end  measures. 
Before  taking  the  latter  into  the  field  they  were  compared  on  three 
days  with  No.  17.  The  latter  was  kept  in  melting  ice  while  Nos.  13 
and  14  were  at,  or  very  near,  the  temperature  of  the  comparing  vault, 
about  22*»-2  C. 

The  comparisons  were  made  under  microscopes,  the  iK)intiTigs  on  the 
rods  being  made  on  the  agate  knife  edge  on  the  one  hand,  and  on  the 
other  by  pointing  on  the  space  between  the  direct  and  reflected  images 
of  a  spider  thread  stretched  across  the  plane  end  surface  of  the  rod. 

These  comparisons  gave 

|i        pi. 
Rod  13  r-.  n^  +  1278  rl-  4-0 

at  220-2  C. 
Ro<l  14  =  .J*"  +  1297  -I:  3-0 

It  was  subsequently  found  in  the  field  that  the  knife  edges  and 
abutting  surfaces  were  not  in  jierfect  contact  while  the  bars  were  used 
for  measurement,  owing  to  the  circumstance  that  the  contact  surfaires 
are  not  at  right  angles  to  the  longitudinal  axes  of  the  bars.  The  effect 
of  this  mechanical  defect  was  measured  at  Holton  with  considerable 
precision  by  means  of  a  microscope  mounted  over  the  ends  of  the  rods 
when  in  contact. 

The  amount  of  this  correction  30**  when  abided  to  tlie  above  values 
gives  for  the  combined  length  of  the  bars  at 

//. 
22°-2  C  10'»  +  2006 

±5 
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A  few  day»  after  tlie  ineaKureinent  of  the  base  had  been  fliiished,  the 
standard  1(K)  metre  comparator  was  measureil  with  this  apparatus  in 
order  to  deduce  the  combined  lengtli  of  the  hmIs. 

The  measurements  used  for  detiTmining  the  lengths  are  given  in  full : 


Date. 

Aug.     17 

17 
18 

18 

18 

1 

Hour. 

Corr.  temp. 

At  2a»'a  re- 
sulting: leriftth 
of  2o  bars. 

ii:00  a.  m. 
4:36  p.  m. 
8:17  a.  ni. 
9:24  a.  m. 
5:00  p.  m.  ; 

0 

2447 
27-76 

2332 

•      23-74 

2852 

/;/.        mm. 

100   L  26-18 
2597 
25-97 
2595 
26-23 

Mean  at  22°-2  = 

-  100+26-06 

hence 


at  22°-2  roil  1;^  +  14  = 


10~  4-  2606 
±  4 


In  view  of  this  agreement  with  the  office  value,  and  owing  to  tlie 
relatively  constant  temperature  night  and  day  owing  to  cloudiness  and 
rain,  the  results  obtained  on  Augnst  17  and  18  were  considered  suffi- 
ciently accurate,  and  further  observations  were  discontinued  until  a 
change  in  the  weather  occurred  on  Angust  22',  thereafter  the  daity 
temperature  range  of  the  air  was  mncli  iiicreased.  Observations  made 
on  Aug.  22  and  the  two  following  days  disclosed  a  difl'erence  between 
the  observed  and  true  temperatures  of  the  bars,  and  in  order  to  deter- 
mine its  amount,  a  systematic  series  of  comparisons  at'  intervals  of 
about  two  hours  was  carried  out  on  August  26. 

Abstract  of  results. 


Length  of 

Computed  lag 
of  ther- 

Date. 

Hour. 

Obs.  temp. 

TO  bars  reduced 

to  aa  a**. 

mometers. 

0 

0 

m.        mm. 

Aug.     26 

7:33  a.  m. 

I2-l6 

1004-26-25 

-}-o-i6 

26 

9:20 

14-19 

26-29  , 

-f    20 

26 

11:29 

1685 

2645 

+  -ZZ 

26 

1:28  p.  m. 

1873 

2645 

-i-    33 

26 

3:26 

2032 

2657 

-i-  -43 

26 

5:29 

21-48 

26-38 

-L    -27 

26 

8:17 

*20-43 

25-72 

—    -29 

♦Falling  temjKTature. 

The  lag,  or  the  correction  to  the  observed  temperature,  is  computed 
m  the  known  length  of  the  combined  bars  as  determined  August  17 
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and  18,  the  knowu  coefficient  of  expansion  and  the  lengths  as  deter- 
mined August  26. 

It  will  be  seen  that  during  August  26  the  thermometers  indiciited 
too  low  a  temperature  throughout  the  day  while  the  temperature  was 
rising,  amounting  on  the  average  to  0''*29,  say  O'^'SO  centigrade,  and 
that  as  soon  as  the  temperature  fell  the  conditions  were  reversed,  the 
rods  following  the  temperature  of  the  air  faster  than  the  thermometers 
which  again  lagged  0**"3  behind. 

The  result  graphically  delineated  on  the  accompanying  diagram 
(illustration  Ko.  M)  shows  that  the  maximum  lag  corresponded  to  (it 
probably  followed)  the  hour  of  maximum  heat  of  the  day  and  to  the 
greatest  difference  between  the  air  and  bar  temperatures. 

The  curves  also  exhibit  the  range  of  temperature  to  which  the  bars 
were  subjected  during  the  twenty-four  hours  following  the  first  obser- 
vation. 

Inasmuch  as  the  measurements  on  which  these  results  depend  were 
made  in  the  shade,  that  is,  in  the  comparing  shed,  the  question  naturally 
presented  itself  what  the  relation  between  the  indicated  and  true  tem- 
peratures of  the  rods  might  be  with  the  apparatus  exposed  to  the  sun. 

It  was  therefore  decided  to  measure  a  section  of  the  standard  kilo- 
metre in  the  bright  sunshine  under  rircumstauces  which  should  be 
very  similar  to  those  under  which  tlie  whole  base  was  measured. 

An  iulditional  stone  was  therefon^  planted  100  metres  south  of  the 
north  end  of  the  standard  kilometre  and  the  distance  was  measured  by 
Prof.  Woodward  during  his  measures  of  the  kilometre. 

On  September  21  this  distance  was  accordingly  measured  with  the 
secondary  apparatus  5  times,  and  on  the  following  day  8  times,  using 
the  trestles  and  measuring  exactly  as  in  the  base  measurement,  with 
the  exception  that  the  beginning  and  end  of  each  100  metre  measure 
was  referred  to  the  section  stones  by  means  of  microscopes  and  the  cut- 
oft'  apparatus. 

The  results  of  these  measurements  may  be  discussed  on  two  suppo- 
sitions: 

1.  By  giving  equal  weight  to  the  four  measures  of  the  100™  distance, 
made  by  Prof.  Woodward,  on  this  supposition,  the  distance  =  100"'  — 
6-04'""». 

2.  By  giving  double  weight  to  the  'M  and  4th  measures  and  this, 
because  the  1st  and  2d  measures  were  made  on  the  same  day  and  not 
long  after  the  100  metre  stone  had  been  set,  while  the  3d  and  4tli 
measures  were  made  on  different  days  and  after  the  ground  had  dried. 

According  to  this  supposition  the  distance  is  100™  —  5*09™". 

Computing  on  supposition  1  the  results  of  these  measurements  are 
as  below  given  in  detail  and  show  an  astonishingly  high  degree  of  pre- 
cision. They  disclose  the  fact  that  the  lag  was  reuderetl  practlc\kll^ 
insensible  by  the  bright  sunshine,  amoutitViig  \i(^  ^y'^^'l  * 
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The  first  table  shows  the  length  of  the  bars  dedaced  from  the 
observed  temperatures  and  the  distance  as  uiea8ured  with  the  iced  bar 
by  Prof.  Woodward,  namely,  100"— C-04""". 

The  second  table  shows  the  distance  as  computed  fi*om  the  observed 
temi>eratures  and  the  adopted  length  of  the  bars  derived  August  17 
and  18. 

As  the  object  of  this  measurement  was  to  show  the  thermal  l)ehavior 
of  the  apparatus  when  subjected  to  conditions  similar  to  those  which 
prevailed  during  the  measurement  of  the  base,  and  since  the  whole 
base  was  measured  during  rising  temperatures,  and  nearly  all  of  it 
during  bright  sunshine,  the  single  measure  made  with  falling  tenii)er- 
atures,  September  21,  5  p.  m.,  may  be  thrown  out  of  the  second  table. 
The  etiect  of  thrc^wing  it  out  is  to  inei^e^se  slightly  the  indicated  lag 
of  the  thermometers,  but  to  tlecrease  the  probable  error  of  measure- 
ment, which  then  becomes  only  1-1470000  for  a  single  measure  T)f  the 
lOOmetre  distance. 

Computing  on  supposition  2,  based  on  the  following  iced  bar  meas- 
ures, namely — 

Sept.  15  100  —  6*24 

15  617 

26  583 

30  596 


I 

I 

2 
2 


Weighted  mean       100  —  5-99 

it  appears  that  the  error  of  the  result  of  the  measurement  with  the 

secondary  apparatus  amounts  to  --0'14'»"»,  in  100%  or  ri^^a?^  of  the 

distance. 

Table  I. 


\ 


Date. 

1 

tlour. 

Obs.  temp. 

Length  of 
90  bars  at  aa'^a. 

True  minus 
indicated  temp. 

1 

h. 

m. 

0 

m. 

0 

Sept.    21 

9 

57a.m. 

23-31 

100 -f  2626 

+017 

II 

28 

26-91 

2621 

+  -13 

2 

40  p.m. 

3289 

26' 1 9 

+  •" 

3 

53 

3429 

26*10 

+  -03 

rs 

00 

3426 

♦25-58 

[-  -411 

Sept.    22 

8 

05  a.  m. 

2041 

26- 2 1 

+  -13 

9 

07 

2277 

2616 

-f   09 

10 

06 

2504 

2630 

-f    '20 

II 

00 

2675 

26-02 

—    03 

I 

32  p.m. 

3083 

2623 

+  -14 

■ 

2 

33 

3213 

26-11 

-i     02 

3 

29 

3289 

2597 

-     08 

4 

24 

3315 

2599 

-    06 

1 

Sept.  21,  mean 

26- 1 9 

'        -f    11 

Sept.  22,  mean 

26-12 

-1     05 

Wt: 

i^hted  mean 

too -h  26- 14 

4-  -07 

*  ¥  a\V\  w^  Vtm^<it«\.\3s^ 
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Table  J  I. 

The  clistanoe  between  Htoues  as  meat^ured  with  the  secondary  appa- 
ratus, rods  1:^4-14  =  10"'  +  2600^  at  22-2"  (J.  corresponding  to  the 
dates  and  times  given  in  Table  I,  becomes — 


in. 

mm. 

T'. 

z^. 

100 

—  6-24 

on 

•01 21 

. 

619 

•06 

•0036 

617 

•04 

•0016 

608 

•05 

•0025 

[556] 

619 

•06 

•0036 

614 

•01 

•0001 

• 

628 

•15 

•0225 

6-o8 

•05 

•0025 

6-21 

•68 

•0064 

609 

•04 

•0016 

5-95 

•18 

•0324 

5  97 

•16 

•0256 

m. 

Mean  lOO 

-  613 
-t  018 

•I  145 

and  for  a  single  measure  the  p.  e.  =  0-(M)8»""',  or  1-1470000  of  the  dis- 
tance. 

As  before  stated,  the  distance  found  by  Prof.  Woodward  is 
100'"  —  G'04'"'"  on  supposition  1  aud  100"*  —  6-99"»"  on  supposition  2. 

MEASUREMENT   OF   THE   STANDARD   KILOMETRE. 

The  standard,  kilometre,  which  is  a  part  of  the  base  line,  was  meas- 
ured four  times  during  the  progress  of  the  base  measurement  proper. 

During  these  four  measures  the  ground  in  the  woods,  that  is  over 
about  600  metres  of  the  distance,  was  very  wet  and  springy  and  unfavor- 
able for  the  stability  of  the  trestles,  which  were  set  directly  into  the 
soft  ground. 

After  the  ground  had  dried  it  was  measured  twice  on  September  24 
iuid  25.  These  six  measures  were  made  under  about  the  same  temi)er- 
ature  conditions  as  those  prevailing  during  the  base  measures  except 
that  the  line  over  one-half  of  the  kilometre  passes  through  woods. 
This  becomes  important  in  view  of  the  results  of  the  measures  made  in 
the  sunshine,  since  the  shade  would  tend  to  create  lag  in  the  thermom- 
eters, tor  it  has  been  shown  that  the  average  correction  to  the  ther- 
mometers for  lag,  if  the  bars  are  shaded,  amounts  to  about  0°'3  when 
the  temi>erature  of  the  air  is  rapidly  rising. 

It  is  therefore  to  be  expected  that  the  measures  of  the  kilometre 
will  not  show  as  high  a  degree  of  accuracy  as  those  made  in  the  sun- 
sl^ine,  owing  chiefly  to  the  uncorrected  thermal  effect  of  the  shade* 
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Tbo  i'efi>ult»  of  the  G  iiieasiirea  of  the  Btaudard  kiiometie  ai*e: 

Temp.     Re^iultiii^j  1cnj;;th. 

Q  ///.  WW. 

Au^.         2386  1000       06 


26  75  -  52 

24  52  —  92 

2537  55 

Sept.        2401  -  3*9 

2618  52 


Mean,   1000       49 

and  the  probable  error  of  a  single  measure  =  iLl-8(>  or  l-5.*58000. 

The  ineasureH  made  on  the  lOOmetre  (*omi)arator  and  on  the  liH) 
metres  measured  on  the  standard  kilometre  show  that  the  lag  or  the 
correction  to  the  thermometers  becomes  minus  with  fialling  tempera- 
tures, and  that  its  amount  ai)proximates  closely  to  C'S. 

Five  determinations  made  in  the  early  part  of  the  evening  give  a 
mean  of  O''*^^,  but  the  average  during  a  period  of  say  8  hours  at  night 
would  probably  be  less,  to  jutige  from  the  curves  on  the  morning  of 
August  26,  as  shown  on  the  diagram. 

To  substantiate  the  conclusion  that  with  falling  temi)eratare8  the 
rods  would  be  shorter  than  the  length  indicated  by  the  thermometers, 
it  became  desirable  to  measure  the  standard  kilometre  under  such  con- 
ditions. As,  however,  during  the  time  alloted  to  the  work,  falling 
temperatures,  during  say  8  consecutive  hours,  could  not  be  had  with- 
out measuring  at  night,  and  as  it  was  not  deemed  desirable  to  compli- 
cate the  question  of  precision  by  night  measures,  an  artifice  was 
resorted  to. 

The  bars  were  ex^wsed  during  the  morning  to  bright  sunshine  until 
about  noon.  They  were  then  carried  into  the  woods  to  the  middle  of 
the  kilometre  and  allowed  to  remain  there  in  the  shade  for  two  hours, 
after  which  the  measurement  of  the  half  kilometre  was  commenced.  By 
the  time  the  measurement  extended  outside  of  the  woods  the  tempera- 
ture was  falling  rapidly  and  the  sun's  rays  were  feeble,  it  being  ne^r 
sundown. 

In  this  way  one-half  of  the  kilometre  was  measured  in  three  hours 
on  Octobers,  and  the  other  half  on  October  0,  giving  as  the  re^sult: 
Standard  kilometre  =  1000"' -f2-0'""'.  Since  the  true  length  found  by 
Prof.  Woodward  is  1,000'"  —  3'*4"""  the  measurement  is  in  error  5'4""", 
and  if  we  ascribe  the  total  error  to  the  thermometer  indications  the  lag 
amounted  to  —  O"**-!?. 

LENGTH   OF   THE  IJASE. 

The  computed  length  of  tho  base  without  ap])lying  any  correction  for 
lag  of  the  thermometers  is  5.>00-808"'  ±  ;;•:;«""  where  the  ji.  e.  includes 
thdt  of  the  unit  employed. 
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The  whole  base  was  measured  during  rising  temperatures  and  much 
the  greater  part  during  bright  sunshine. 

All  the  experiments  show  that  under  such  conditions  the  bars  are 
never  shorter  than  the  indicat-ed  temperatures  imply^  and  that  there- 
fore the  result,  if  it  is  in  error  on  account  of  thermometer  lag,  is  too 
small. 

The  experiments  on  the  100°^  measured  in  the  bright  sunshine,  Sep- 
tember 21  and  22,  show  that  the  lag  on  supposition  1,  explained  in  pages 
7  and  8,  amounts  to  about  1  part  in  one  million,  and  on  supposition  2 
to  TT^TEy  ^^^^  it  is  therefore  a  fair  inference  that  its  effect  on  the  whole 
base  is  of  that  order  of  magnitude,  and  that  it  should  be  applied  to  the 
uncorrected  length  of  the  base.  Using  the  value  0*14"°*  per  100"»  the 
measured  length  should  be  increased  by  55  x  0*14  =  7'7"". 

In  order  not  to  claim  too  high  a  precision  for  the  length  above  given 
it  seems  safe  to  assert  that  its  absolute  error  does  not  exceed  its 
1-500000  part. 

An  abstract  of  the  results  of  the  measurements  of  the  base  is 
appended: 


Section. 

• 

No.  of 
bars. 

S  B  to  240 

• 

240 

240        420 

180 

420        600 

180 

600        780 

180 

780        980 

200 

980       NB 

120 

COIT. 

temp. 


26-27 

26-80 
2688 

25  62 
2749 

22- 1 8 
2799 

2386 
2675 
2452 

25-37 
2401 

2618 

21-57 
3123 


First  measure. 
Second  measure, 

Length  of  base, 


5  500+805 
810 


Resulting  length. 

1— a</. 

e=ihd. 

I  200-|-    22-8 
21-2 

1-6 

•53 

900—  36-8 
32-9 

3'9 

1-30 

900-f    62.6 
62-3 

03 

+   -10 

900-f    174 
201 

2-7 

-90 

I  000 —    0-6 

—    5-2 

~    9-2 

—  5*5 

—  3*9 

—  5-9 

• 

•76 

600+743.7 
744-6 

0-9 

•30 

#•=1 


-281 


1-690 


-010 


-810 


•578 


-090 


5500+808   +7-7"»»=r5,5oo.8i6«. 
±    «-9 


The  probable  error  of  measure  ment  without  regard  to  constant  erroi*s 
is  it  l-O*"". 

8.  Ex.  37—32 
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The  probable  error  in  the  leugth  of  a  lOOmetre  ouit  from  compari- 
sons with  the  100-raetre  standard  is  ±  0*04. 

The  probable  error  of  the  5-metre  iced  bar  at  0'  C  ==  ±  0*0008. 

The  probable  error  of  measuring  the  100-metre  standard  (August 
measurements)  from  Prof.  K.  S.  Woodward's  determinations  =  db  0-018. 
hence  the  p.  e.  of  the  base  arising  from  these  values  is 


fw  V(0-018)»+(0-016)»+(0H)4)»=2-57-» 
and  the  p,  e.  of  the  base  is 

V(2-6)H(l-9)»=±3-2". 

The  redn<*tion  to  sea  level  and  the  p,  e.  of  the  leveling  (mean  altitude 
of  base  line)  remain  to  be  incorporated. 

GENERAL  CONCLUSIONS  IN  REGARD  TO  THE  USE  OP  THIS  APPARATUS. 

1.  The  average  speed  of  measurements,  including  the  time  requisite 
for  training  the  operat4)rs,  may  be  taken  at  1  kilometre  pcyr  day  of 
eight  hours,  on  level  ground,  or  on  a  uniform  grade.  With  trained  men 
the  speed  can  be  increased  to  1*5  kilometres  per  day  without  detriment 
to  accuracy. 

2.  If  the  temperature  of  the  bars  were  known,  the  accuracy  of  meas- 
urement would  leave  nothing  to  be  desired.  The  probable  en^r  of  a 
single  measurement  would  then  be  about  one  part  in  a  miUion. 

3.  As  usual  the  principal  source  of  error  is  in  the  uncertainty  between 
the  indicated  and  true  temperature  of  the  bars. 

This  relation  depends  on  the  range  of  the  diurnal  temperature  to 
which  the  bars  have  been  exposed,  and  its  value  must  be  subject  to 
some  uncertainty.  It  appears,  however,  that  it  is  possible  to  assign 
the  limits  of  error  due  to  lag  of  the  thermometers. 

The  absolute  lag  of  the  thermometers  can  safely  be  taken  to  lie 
between  0  and  i  0°%"i  C.  on  the  average  in  a  day's  measurement.     . 

Hence,  if  an  error  of  one  part  in  340  000  shall  not  be  exceeded,  a 
single  measurement  «vith  this  apparatus  will  secure  that  degree  of  accu- 
racy if  the  following  rules  be  observed: 

1.  If  the  temperature  is  rising,  apply  a  correction  for  lag  of  4-  Oo*2r> 
U)  the  mean  temperature  of  the  thermometers  for  the  day,  and  a  cor- 
rection of  —  0°*25  if  it  is  falling. 

2.  If  one-half  of  the  day's  measures  are  made  during  rising  and  the 
other  half  duiing  falling  temperatures,  the  mean  may  be  taken  without 
correction. 

3.  If  the  measurement  is  made  during  hot  weather  and  in  the  bright 
sunshine  with  rising  temperatures,  no  correction  need  be  made. 

It  may  also  be  pointed  out  that  where  it  is  possible  the  bars,  if  day 
measurement  only  is  intended,  should  be  protected  as  much  as  pos- 
sible against  change  of  temperature  at  night. 
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For  description  of  base  moimments  aud  locality  see  Assistant  A.  T.' 
Mosman's  report,  pp.  330,  331.  ^ 

The  5-metre  contact  slide  rods  Nos.  13  and  14  were  used  in  this 
measurement. 

This  apparatus  is  of  the  usual  pattern.  It  was  made  at  the  Coast 
and  Geodetic  Survey  Office  and  was  completed  in  July,  1891. 

The  measuring  rods  are  of  cylindrical  steel,  6  metres  long  and  9™" 
in  diameter,  with  the  usual  contact  slides.  The  slide  end  of  each  rod  ^ 
carries  a  white  agate  knife  edge  3™°*  wide,  the  other  a  circular  plane 
surface  about  3"*"*  in  diameter.  The  index  and  slide  piece  of  each  rod 
have  each  three  lines  ruled  on  them.  When  the  middle  lines  on  the 
slide  and  index  are  in  coincidence,  the  distance  between  the  agate  plane 
at  one  end  aud  the  knife  edge  at  the  other  is  the  length  of  the  rod. 

Each  steel  rod  is  encased  in  a  built  up  wooden  bar  and  rests  directly 
in  a  longitudinal  groove  in  its  middle.  The  bars  are  7'5<*™  wide,  14'^" 
high,  and  4*9  metres  long,  so  that  a  length  of  about  lO*'"*  of  each  rod  is 
exx>osed  to  the  air. 

Each  rod  carries  two  thermometers.  They  are  inserted  in  opposite 
sides  of  the  bar  and  are  in  contact  with  the  rod  and  not  with  the  wood. 
Each  one  is  1  metre  from  the  end  of  the  bar. 

The  wooden  bar  in  turn  is  surrounded  with  a  white  canvas  cover 
lined  with  half  an  inch  of  cotton. 

THE  TRESTLES. 

They  are  of  the  usual  wedge  and  tripod  pattern  and  are  the  same  as 
those  used  in  the  Yolo  base.  Throughout  all  the  measurements,  except 
those  on  the  comparator,  the  trestles  were  used  without  foot  plates,  the 
legs  being  merely  lirmly  stuck  into  the  ground. 

THE   SECTORS. 

Tlie  sectors  are  segments  of  arcs  of  circles.  Each  carries  two  (2) 
verniers  180°  apart  and  is  so  graduated  that  the  i>o8ition  in  which  the 
bar  is  horizontal  reads  nearly  20^  on  the  front  vernier.  The  verniers 
read  to  10".  Before  beginning  work  the  contact  ends  of  each  bar 
were  put  in  a  horizontal  plane  by  means  of  a  leveling  instrument,  theo- 
dolite, or  engineer's  transit. 

In  general  the  sector  errors  were  determined  three  times  a  day. 

Each  sector  was  protected  against  the  sun  by  a  hood  made  of  canvas 
stretched  on  a  wire  frame  attached  to  the  bar. 

During  all  the  measures  the  two  verniers  of  each  sector  were  read  by 
different  persona. 
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THERMOMETERS. 


The  thermometers  attached  to  the  rods  are  centigrade  divided  to 
half  degrees,  and  were  read  by  means  of  a  magnifying  hand  lens  to 
tenths. 

They  were  made  by  H.  J.  Green,  of  New  York,  and  were  compared  at 
the  office  in  Jnne,  1891,  with  Tonnelot  thermometers  4655  and  4656. 

Bar  13  carries  thermometers  1  and  2. 
14  carries  thermometers  3  and  4. 

Calling  that  end  of  the  bar  on  which  the  aligning  telescope  is 
mounted  the  front  end : 

Thermometer  1  is  on  same  side  as  the  sector,  rear  end. 

2  is  on  opposite  side  of  the  sector,  firont  end. 

3  is  on  same  side  as  the  sector,  rear  end. 

4  is  on  opposite  side  of  the  sector,  front  end. 

The  maker's  numbers  corresponding  to  those  given  are — 

Uo.  1,  5609. 

2,  5604. 

3,  5606. 

4,  5616. 

On  August  28  Green  5613  was  substituted  for  5616  (Ko.  4),  the  latter 
having  been  broken  on  that  date  after  its  zero  point  had  been  deter- 
miued. 

The  corrections  of  these  thermometers  to  reduce  them  to  the  hydro- 
gen scale  were  determined  in  June,  1891,  to  be  as  follows: 


At 

No.  I, 

5609. 

No.  a, 
5604- 

0 

No.  3, 

5606. 

No.  4. 
5616. 

Meftn. 

5««3 

• 

o 

0 

0 

0 

0 

0 

O 

—  0  10 

+  005 

-015 

— 010 

~o-o8 

— O' 

08 

3 
6 

II 

-  -16 

—  If 

-  13 

-  -24 

-  19 

-  18 

-•25 
--     31 

—    33 

—  23 

—  19 

—  -21 

—  -22 

—  '20 

—  -21 

—  • 

25 

18 

i6 

21 

32 

—  17 

—  26 

•16 

—  -21 

-  17 

—  -21 

•16 
•21 

—  -34 

—  -23 

-  -36 

-  -36 

-  -17 

—  '21 

—  26 

—  '26 

—  -21 

—  23 
.-     24 

—  -26 

— 

19 

'21 

•26 
28 

34 
37 

—  -22 

—  26 

—    -22 

—  -28 

—  -32 

—  28 

—  -22 

-  28 

-  25 

—  -28 

•32 
28 

On  August  28  the  zero  corrections  to  these  thermometers  were  rede- 
termined.    See  Vol.  u  of  the  record,  with  the  following  results: 


At 

No.  I. 

No.  a. 

No.  3. 

No.  4. 

Mean. 

0 
0 

0 
— 0-22 

0 
— o-i6 

0 
-0-27 

0 
— 0-22 

0 
— 0-33 
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ALIGNMENT. 

The  bars  were  aligned  duriug  the  measurement  by  bringing  the  rear 
end  of  the  rod  over  the  starting  point  or  into  contact  with  the  forward 
agate  of  the  rear  bar  and  keeping  it  there  while  the  forward  end  of  the 
bar  was  aligned  by  pointing  a  small  telescope  on  a  signal  usually 
mounted  on  the  next  section  stone  ahead. 

A  small  aligning  telescope  is  mounted  oh  each  bar  25  centimetres 
from  the  front  end.  The  base  of  the  uprights  carrying  the  telescope 
has  a  sliding  motion  on  an  arc  of  a  circle  concentric  with  the  measuring 
rod.  It  carries  a  level,  by  means  of  which  it  can  be  clamped  in  a  hori- 
zontal position  in  a  vertical  plane  passing  longitudinally  through  the 
rod. 

In  order  that  the  telescope  may  transit  in  this  plane  the  adjusting 
screws  of  the  base  must  be  properly  set. 

The  adjustment  was  not  made  with  satisfactory  accuracy  during  the 
first  measurement  of  the  distance  between  south  base  and  the  fourth 
kilometre  stone.  On  reaching  this  stone  a  second  and  more  perfect 
adjustment  was  made. 

Subsequently  the  deviations  from  a  straight  line  during  this  frac- 
tional part  of  the  first  measure  were  traced  on  the  ground,  and  it  was 
found  that  the  error  due  to  the  deviation  of  the  measured  line  from  the 
base  line  amounted  to  not  more  than  1  part  in  15000000,  which  can 
therefore  be  neglected. 

Experiments  were  made  to  determine  the  probable  error  of  alignment 
of  a  single  bar  with  the  telescope  adjusted  as  in  the  remainder  of  the 
measures  and  it  was  found  te  be  38'^ 

GROUND   TRAVERSED. 

The  greater  part  of  the  measurement  was  over  grassy  soil.  Several 
plowed  fields  were  crossed. 

The  surface  of  the  ground  near  south  base  is  broken,  and  between 
the  3  000  and  3  900  metre  stone  it  is  also  very  irregular.  The  first  four 
measures  of  the  Standard  Ealometre  were  made  when  the  soil  was  wet 
and  springy,  but  during  the  measures  made  on  September  24  and  Sep- 
tember 25  it  was  dry  and  hard. 

A  distance  of  200  metres  at  each  end  of  the  Standard  Kilometre  is  in 
the  open  fields;  the  remainder  is  in  the  woods. 

DUTIES  PERFORMED  BT  MEMBERS  OF  THE  PARTY. 

Prior  to  September  21,  during  the  measurements,  the  bars  were 
aligned  by  t^of.  Gore,  who  also  read  the  forward  thermometer;  the 
rear  thermometer  was  read  by  Mr.  Pennington;  one  vernier  of  each 
sector  was  read  by  Mr.  Gjertsen,  the  other  by  Mr.  Hayfocd^^\^^  ^^S^sti^ 
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kept  the  record  and  called  attentioD  to  auy  apparent  or  real  errors  in 
the  readings.  After  September  20  the  alignments  were  made  by  Mr. 
Hayford. 

Throaghont  the  work  the  contacts  were  made  by  myself,  using  a  small 
lens  magnifying  3  diameters. 

SECTION  MABKS. 

The  baseband  its  sections,  excepting  the  Standard  Kilometre,  were 
marked  by  lines  traced  at  right  angles  to  the  direction  of  the  base  on 
copper  bolts  set  into  stones.  The  ends  and  intermediate  sections  of  the 
Standard  Kilometre  were  marked  'by  spherics-headed  bolts,  intended 
to  be  used  in  connection  with  a  so-called  cut-off  apparatus. 

This  apparatus  consists  of  an  upright  cylinder  having  a  oomcal  recess 
at  its  foot,  which  fits  over  the  spherical  bolthead.  The  cylinder  can 
be  revolved  about  its  upright  axi8,  and  any  deviation  from  verticality 
iH  measured  by  means  of  an  atta(;lied  spirit  level.  On  top,  and  at  right 
angles  to  its  vertical  axis,  the  cylinder  carries  a  scale  divided  into  mil- 
limetres, to  which  an  object  over  it  can  be  referred,  and  which  gives  its 
relation  to  the  geometrical  (tenter  of  the  bolthead. 

In  starting,  the  slide  was  usually  clamped  in  coincidence  with  the 
index,  and  the  knife  edge  was  brought  over  the  starting  point  by  means 
of  a  theodolite  or  transit  sector  mounted  at  right  angles  to  the  base 
line. 

When  stopping  for  lunch,  a  line  traced  on  a  copper  tack  in  a  stub  in 
the  ground  served  as  a  reference  mark. 

The  record  of  the  measurements  of  the  Holton  base  line  with  5-nietre 
contact  slide  rods  Nos.  13  and  14  is  contained  in  3  volumes.  Volume  I, 
pages  1  to  230,  and  Volume  II,  pages  1  to  68,  contain  the  record  of  the 
base  measurement  proper,  including  two  extra  measurements  of  the 
Standard  Kilometre. 

Volume  II,  pages  71-158,  contains  determinations  of  the  length  of 
the  rods  in  terms  of  the  lOO-metre  comparator.  For  description  and 
details  of  this  comparator,  see  Assistant  B.  S.  Woodward's  report. 

LENGTH  OF  THE  BODS. 

The  length  of  the  rods  was  determined  immediately  after  the  base 
measurement  by  measuring  the  distance  between  the  ends  of  the  stand- 
ard 100-nietre  comparator.  The  legs  were  taken  off  the  trestles  and 
the  tripod  heads  carrying  the  wedges  were  screwed  on  substantial 
boards,  which  fitted  across  the  track  prepared  for  the  iced  bar  carriage. 

In  starting,  the  slide  of  the  bar  was  clamped  to  coincidence.  The 
knife  edge  was  brought  under  a  microscope  mounted  over  one  end  of 
the  lOO-metre  comparator,  and  a  pointing  was  made  with  the  microscope 
on  the  knife  edge.  The  axis  of  the  microscope  was  referred  to  the  end 
mark  by  means  of  the  cut-off  apparatus. 
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The  measurement  of  the  distance  was  then  carried  on  as  usual,  except 
that  the  tripod  heads  rested  in  the  track,  as  above  described.  On 
reaching  the  other  end  of  the  comparator,  where  another  microscope 
and  cut-off  apparatus  were  mounted,  a  spider  thread  was  stretched 
over  the  plane  surface  of  the  agate  of  the  rod,  and  the  microscope 
pointing  was  made  on  the  space,  which  was  never  more  than  about  20 
microns  in  width,  between  the  direct  and  reflected  image  of  the  thread. 

For  the  deductions  drawn  from  these  and  other  determinations  of  the 
length,  see  my  report  to  the  Superintendent. 

Pages  159  to  162  of  Volume  II  contain  the  determination  of  the  cor- 
rection to  the  zero  x>oiuts  of  ^he  thermometers  attached  to  the  base  rods. 

Pages  188  and  189  furnish  a  determination  of  the  error  of  contact 
which  results  from  the  fact  that  the  agate  planes  are  not  at  right  angles 
to  the  axis  of  the  rods. 

This  error  of  contact  affects  the  length  of  the  rods  when  separately 
determined  under  microscopes,  but  does  not  affect  their  combined 
length  deduced  on  the  100-metre  comparator. 

LAG  OF  THERMOMETERS. 

Volume  III,  pages  4  to  31,  contain  a  number  of  measures  of  the  first 
hundred  metres  of  the  Standard  Kilometre  made  in  the  bright  sunshine 
in  order  to  determine  the  effect  of  the  sunlight  on  the  lag  of  the  ther- 
mometers attached  to  the  rods. 

In  these  measurements  the  rods  were  used  on  the  trestles  in  the  usual 
manner,  but  at  the  beginning  and  end  of  the  lOOmetre  distance  a 
microscope  was  mounted  and  the  cut-off  apparatus  was  used  in  the 
same  manner  as  on  the  standard  100-metre  comparator,  as  previously 
described* 
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MEASURE  OF  THE  IRREGULARITY  IN  ONE  TURN  OF  THE  MICROMETER 
SCREW,  AND  THE  RELATIVE  VALUE  OF  EACH  TURN. 


^  report  by  Geokge  Davidson,  Assistant. 
Submitted  for  pnblication  April  3,  18d3. 


In  1876  I  gave  an  explanation  of  the  cause,  or  the  principal  canse,  of 
the  well-known  irregularity  observed  in  one  turn  of  the  micrometer 
screws  of  the  zenith  telescopes.  Many  years  before  I  had  reported  the 
existence  of  excessive  irregularity  in  the  micrometer  screw  of  an  Eng- 
lish instrument,  but  it  was  explained  to  arise  from  the  maimer  in  which 
the  screw  was  cut  by  the  instrument  maker. 

Nevertheless,  the  method  of  determining  the  arc  value  of  the  microm- 
eter screw  by  observations  upon  a  close  circumpolar  star,  although 
imi)erfect  on  account  of  the  unsteadiness  of  the  image  of  the  star,  the 
fewness  of  the  observations  possible  in  one  turn,  etc.,  developed  a  peri- 
odicity in  the  irregularity  that  suggested  a 'cause  independent  of  the 
mere  method  of  cutting  the  screw. 

In  my  paper  on  this  mechanical  defect  of  the  micrometer  (1876),  two 
methods  of  procedure  were  suggested  to  determine  the  character  and 
amount  of  the  irregularity  at  frequent  intervals  in  one  turn.  It  has 
happened  that  neither  could  be  put  in  practice  until  lately. 

Within  the  last  year  two  close  circumpolar  stars  have  been  observed 
as  often  as  ten  times  in  each  turn  of  the  micrometer  screw  for  ten  con- 
secutive turns  and  Ave  times  in  each  turn  for  twenty  other  turns.  I 
have  not  reduced  the  observations,  but  am  satisfied  from  the  unsteadi- 
ness of  the  object  and  the  comparatively  low  power  used  (100  diameters) 
that  the  results  will  be  much  inferior  to  those  of  the  second  method. 

This  second  method  was  partly  developed,  during  the  observations 
for  variation  of  latitude  at  San  Francisco  in  1891  and  1892,  in  discus- 
sions with  T.  D.  Davidson.  It  resulted  in  projecting  the  image  of  the 
micrometer  thread  by  means  of  the  objective  of  a  microscope,  upon  a 
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graduated  scale,  and  meaRuring  with  the  micrometer  each  division  of 
the  scale. 

The  micrometer  box  wa«  secured  to  the  stage  of  a  microscope  that  was 
turned  horizontally  with  the  eye  end  towards  the  scale,  which  was 
about  2  feet  distant.  The  iUumination  was  by  a  strong  light  behind 
the  thread,  but  was  not  satisfactory.  From  the  microscope  tube  to  the 
scale  a  dark  cloth  was  used  to  exclude  diffused  light.  One  observer 
was  at  the  scale  and  the  second  observer  was  at  the  micrometer.  After 
the  proper  focusing  for  the  best  image  of  the  thread,  and  adjustment 
for  parallelism  of  the  thread  with  the  scale  graduations,  the  observa- 
tions proceeded.  The  results  were  so  encouraging  that,  after  the 
latitude  work  was  done,  further  experiments  were  made,  with  limited 
means,  however.    The  last  observations  were  as  follows: 

We  had  no  solid  piers  upon  which  to  place  the  scale  and  the  miero- 
scope,  but  the  micrometer,  somewhat  imperfectly  secured  to  the  stage 
of  the  microscope,  was  placed  ui)on  a  library  table  and  the  scale  upon 
a  crossbar  iu  a  door.  The  eyepiece  of  the  microscox)e  was  removed, 
and  the  tube  carrying  a  1^-iuch  Gundlach  objective  was  turned  hori- 
zontally towards  a  wall,  upon  which,  at  15  feet  distant,  the  images  of 
the  micrometer  rack  and  thread  were  fairly  well  seen  by  using  sunlight 
illumination  through  the  o^ective. 

T.  D.  Davidson  improvised  a  means  of  holding  the  scale  and  giving 
it  all  required  movements  except  for  distance,  which  was  reduced  at 
the  microscope  to  about  12  feet,  when  the  image  of  the  microm^»r 
thread  passed  over  25  millimetres  of  the  scale  for  one  turn  of  the' 
micrometer  screw.  A  pasteboard  tube  11  feet  long  and  5  inches  in 
diameter  was  supported  between  the  microscope  tube  and  the  scale,  and 
the  intervening  spaces  at  each  end  were  covered  with  black  muslin. 
The  illumination  was  by  lamplight.  The  image  of  the  thread  was  weak 
and  at  the  best  did  not  present  a  solid  line,  but  naturally  appeared  as 
two  lines  marking  the  outer  edges  of  the  thread  with  a  lighter  middle 
apace.  The  millimetre  scale  had  been  purposely  cut  deeply  by  the 
instrument  maker,  and  the  surface  was  afterwards  ground  by  T.  D.  D. 
The  lines  of  the  scale  were,  therefore,  very  strongly  marked,  but  a  better 
scale  should  be  used.  A  small  magnifier,  which  increased  the  scale 
spaces  about  one  and  a  half  times,  was  conveniently  fixed  by  the  scale 
observer  to  aid  in  adjusting  the  thread  image  to  the  millimetre  scale, 
and  a  hand  magnifier  was  used  by  the  micrometer  observer.  The 
micrometer  head  is  5f  inches  in  circumference,  made  of  black  zylonitet 
and  finely  graduated  to  one  hundred  divisions  in  white.  The  milled 
head  is  the  same  diameter;  both  ought  to  have  larger  diameters. 
After  the  best  focus  of  the  image  of  the  micrometer  thread  had  been 
obtained  and  the  parallelism  of  thread  and  scale  lines  effected,  and 
the  instrument  parts  all  lightly  tapped  to  remove  strains  of  parts,  the 
observations  commenced. 
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With  the  micrometer  thread  at  the  middle  of  the  rack  and  reading 
2  000,  the  millimetre  scale  was  moved  horizontally  until  the  image  of 
the  micrometer  thread  was  between  two  given  graduations.  In  this 
position  the  image  was  just  broad  enough  to  leave  a  very  narrow  line 
of  light  between  the  outer  edges  of  the  image  and  the  inner  edges  of 
the  two  graduation  lines.  The  relative  breadths  of  these  two  lines  of 
light  enabled  the  scale  observer  to  judge  of  the  central  position  of  the 
thread  image.  The  micrometer  observer  then  moved  off  the  image  and 
brought  it  back  to  a  position  finally  announced  correct  by  the  scale 
observer.  The  micrometer  reading  was  recorded.  The  micrometer 
was  then  turned  forward  to  the  next  scale  space  and  adjusted  as  before 
and  the  reading  recorded.  So  the  work  proceeded  until  25  spaces  were 
observed  and  recorded,  and  then  the  micrometer  was  run  back  to  the 
starting  space  and  the  reading  made  to  note  if  any  change  of  position 
had  occurred.  With  our  unstable  means  the  change  of  position  ranged 
as  high  as  0*7  of  a  division  in  the  first  series;  the  average  difference 
in  the  twenty-four  sets  was  04  of  a  division.  When  two  sets  had  been 
made  the  observers  changed  places  and  two  more  sets  w«ere  observed. 
The  scale  was  then  reversed  and  inverted  and  four  more  sets  were 
observed  in  a  similar  manner.  Each  series  of  four  sets  occupied  one 
hour  at  the  outset;  afterwards  less  than  fifty  minutes.  The  observa- 
tions were  made  in  the  daytime  or  at  night,  to  suit  our  convenience. 

It  was  evident  from  the  first  set  of  measures  that  the  character  of 
the  screw  was  above  the  average  that  I  had  hitherto  used,  ami  after  a 
few  sets  had  been  made  there  was  no  doubt  to  either  observer  about 
obtaining  the  nearest  tenth  of  a  micrometer  division  at  the  scale. 

The  independent  check  of  the  observer  at  the  micrometer  upon  the 
coincidences  of  contact  of  scale  and  image.was  an  interesting  check, 
and  each  amused  himself  at  times  in  trying  the  skill  of  the  scale 
observer.    The  greater  difficulty  was  really  in  reading  the  micrometer. 

It  is  hardly  necessary  to  give  the  observations  in  exteuso,  although 
they  have  been  useful  in  demonstrating  that  the  stability  of  our  outfit 
was  imperfect,  and  that  the  graduation  of  the  scale  and  the  ground 
surface  should  be  better.  The  means  of  each  series  of  four  sets,  and 
the  means  of  the  direct  and  the  reverse  scales,  and  the  final  means  are 
given  to  show  the  possibilities  of  the  method.  The  results  are  certainly 
better  than  could  be  gotten  by  any  amount  of  observations  on  close 
circumpolar  stars,  and  they  are  too  plain  to  require  exhibition  in 
graphic  form.  The  actual  observing  time  of  twenty-tour  sets  of  twenty- 
six  observations  each  was  5  hours  and  22  minutes. 
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(Micrometer  of  S^nith  Telescope  No.  3.] 


1 

March  19, 1893; 

means  of  4  sets. 

March  11,1893; 

meansof  4iets. 

March  n,  1893 ; 

meaiisof4ieta. 

Scale  D. 

Scale  R. 

Scale  D. 

Scale  R. 

Scale  D. 

Scale  R. 

2O0O*66 

2000*31 

1999*67 

2000*44 

2000*24 

aooo-20 

465 

436 

200378 

4-46 

436 

425 

864 

8*40 

771 

846 

8-35 

8-21 

12*65 

12*39 

"72 

12-40 

12*32 

12*22 

16-59 

16-36 

1559 

»6-3S 
20*36 

16*25 

16*15 

20*61 

2032 

19*59 

20*20 

20-I2 

24*61 

2436 

2354 

2438 

24-25 

24*14 

28*61 

28-34 

27*48 

28-35 

28*11 

28*10 

32*65 

32*28 

31-50 

3230 

32- 1 2 

32-05 

36-61 

*  36-30 

35*39 

3628 

36-08 

36*05 

40-62 

40-28 

3946 

4030 

40*11 

40-08 

44*64 

4430 

4342 

44*37 

44*16 

4414 

4869 

4831 

47-40 

4836 

48-18 

48*09 

5274 

5237 

5147 

5236 

52*22 

52*16 

5675 

5640 

55*51 

5645 

56*20 

56*15 

60*76 

60-40 

59*44 

60*41 

60-20 

60*25 

64*77 

6439 

63*45 

64*42 

64*20 

64*19 

6878 

68*39 

6742 

68-44 

68-18 

68*10 

72*80 

7236 

71-30 

72*40 

72*05 

72*06 

76-78 

76-29 

75*34 

7632 

75*98 

75-99 

8072 

8036 

79-20 

80*34 

79*92 

80-02 

8482 

8434 

8326 

8437 

8399 

84*02 

8887 

88*44 

8730 

88-40 

88*00 

8808 

9287 

9239 

9128 

92*44 

91*95 

92*10 

9689 

96*45 

95*31 

9644 

9598 

9608 

2100*96 

2ioo*54 

2099*31 

2100*56 

2100*04 

2100-15 

200097 

2000*40 

1999*55 

2000*66 

2000*35 

.2000-22 

Checks  to  fi 

rst  readings. 

* 
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Means  oi 

f  3  series. 

Means  of  6 

Difference  from 

series,  D.  and  R. 

final  mean. 

Scale  D. 

Scale  R. 

2000*19 

2000*33 

2060*26 

-f*o6 

4-26 

436    . 

431 

-|-*I2 

823 

8*36 

8*30— 

-j-'IO 

1223 

12*34 

12*29 — 

-j-*IO 

16*14 

16*29 

16*22— 

-[-•02 

20*13 

20*27 

20*20 

*oo 

2413 

24*29 

24*21 

-f*OI 

28*07 

28*26 

2817— 

—•02 

32*09 

32*21 

3215 

—05 

3603 

36*21 

36*12 

-08 

4007 

40*22 

40-15- 

— *04 

4407 

44-27 

4417 

—  03 

48*09 

48*25 

48*17 

—  03 

5214 

5230 

52*22 

-f*02 

5615 

5633 

56*24 

-h*04 

60*13 

60*35 

60*24 

-f-04 

64*14 

6433 

64*24— 

+•04 

68*13 

68*31 

68*22 

-f-*02 

7205 

72*27 

72*16 

—  04 

76*03 

76*20 

76*12— 

-•07 

79*95 

80*24 

80*10— 

—  09 

84*02 

84*24 

8413 

—  07 

8806 

88*31 

88*19 

—•01 

9203 

92*31 

92*17 

-03 

96*06 

9636 

96*21 

-|--oi 

2100*10 

2100*42 

2100*26 

+  06 

2000*29 

2000-43 

2000*36 

Checks  to  6rs 

t  readings. 

Final  mean 

,  2050*20— 

Another  application  of  this  method  was  tried  last  year  to  determine 
the  relative  value  of  each  tarn  of  the  micrometer  screw. 

The  reading  of  the  micrometer  was  noted  when  the  image  of  the 
thread  was  upon  any  division  of  the  millimetre  scale;  the  micrometer 
was  turned  once  and  the  scale  reading  noted;  then  the  micrometer  was 
bodily  moved  back  by  the  microscope  stage  motion  to  the  first  scale 
coincidence,  turned  once,  and  the  scale  reading  noted.  This  method  of 
repetition  was  carried  far  enough  to  test  its  practicability.  It  demands 
a  finer  motion  to  the  microscope  stage  than  I  possessed,  but  there  can 
be  no  doubt  of  the  method  giving  satisfactory  results. 

I  may  add  that  the  discussion  of  the  means  of  getting  a  better  image 
of  the  micrometer  thread  led  T.  D.  Davidson  to  experiment  with  the 
spider  thread.  He  scoured  a  spider  cocoon  in  boiling  water  and 
soap,  and  then  boiled  it  in  a  test  tube  for  twenty  minutes  with  black 
^<  diamond  dye"  tor  silk,  according  to  directions,  and  produced  a  jet- 
black  cocoon  without  injury  to  the  thread.  The  object  was,  of  course, 
to  obtain  a  stronger  image  of  the  thread  at  the  scale,  whereby  a  stronger 
magnifier  would  materially  aid  the  observer.    I  have  compared  th^ 
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black  thread  with  a  natural  thread  and  in  color  the  former  is  decidedly 
preferable.  In  exi>eriTneuting  with  this  prepared  thread  for^latitude 
observations  we  have  found  that  it  acquired  very  marked  hygrometric 
qualities  that  unfit  it  for  latitude  or  transit  observations. 

February  U2j  1894. — As  this  appendix  is  pasHing  tlirough  the  press, 
the  Superintendent  has  authorized  the  insertion  of  the  following 
memorandum  by  Assistant  Schott  and  the  graphic  illustration  of  the 
average  inequality  of  1  turn  of  the  micrometer  screw  from  3  series 
of  observations  upon  4  close  circumpolar  stars  near  elongation  at  dif- 
ferent seasons  of  the  year. 

In  the  figure  the  broken  line  exhibits  the  curve  of  the  inequality  of 
1  turn  as  traced  through  the  x>oints  determined  by  the  observations 
through  an  average  of  30  turns.  The  dotted  line  exhibits  the  curve 
computed  from  these  observations.  The  heavy  broken  curve  exhibits 
the  results  by  the  microscope-projection  method  of  24  sets  of  measui-es 
at  every  4th  division  of  the  20th  turn  of  the  micrometer.* 

The  expression  for  the  periodic  inequality  for  one  turn  of  the  motion  of  the  screw 
of  zenith  telescope  No.  3,  and  which  may  he  termed  '*  Eccentricity  of  the  screw 
hea<l/'  was  derived  from  15  series  of  observations  made  for  the  greater  part  at  inter- 
vals of  k  of  a  tam,t  with  a  few  at  ^  and  i  turns.  The  transits  ran^^  over  the  whole 
screw  (4  t.o  36  turns)  and  thus  give  a  fair  average  value.  The  particulars  of  the 
observutious  are  shown  in  the  following  table: 

No.  189a.  Star.  Range.        ^\f^f^'  ^^iTrt  oTf*  "^^^^^^  '     Weight 

turn. 

t  t  " 


1  Feb.  8  a  Urs.  Min.                5  —  35  W..  1/4           47 

2  Feb.  9  Bradley,  1672.      35  —    ^%  E.  x/4 

3  Feb.  9  a  Urs.  Min.                5  -   35  W.  1/5 

4  Feb.  10  Bradley,  1672.      35    -    9}^  E.  1/4 

5  Feb.  10  a  Urs.  Min.                5  —  35  ^V.  1/5 

6  May  4  X  Urs.  Min.  35—4  £•  Vs 

7  May  6  6  Urs.  Min.  35  —    5  E.  i/a 

8  May  6  A  Urs.  Min.  35—5  E.  1/5 

9  May  7  rJ  Urs.  Min.  35  —    5  E.  i/a 

10  May  7  7.  Ur«.  Min.  3*5     -    5  E.  1/5 

11  Sept.  5  a  Urs.  Min.  36 —    4  E.  1/5 

12  Sept.  5  X  Urs.  Min.                4  —  36  W.  1/5 

13  Sept.  6  \  Urs.  Min.                4  —  36  W.  1/5 

14  Sept.  17  a  Urs.  Min.  36  —    4  E.  1/5 

15  Sept.  21  X  Urs.  Min.                4  —  36  W.  t/5 


668  61 

557  SO 

633  76 

659  49 

671  73 

624  75 

656  31 

620  76 
648  31 

621  76 
638  81 
647  81 
642  81 
617  81 
644  81 


The  computation  and  discuHsiou  were  made  by  Mr.  H.  Farquhar,  of  the  computing 
division,  and  resulted  in  the  expression  for  the  eccentricity 

-f  -079  cos  (3^ -erf)  -h  066  sin  (3^-6d)  —  -101  cos  (7^-2d)  —  -089 sin  (7^-2d ), 

where  d  --=  number  of  divioitmH  read  off  and  the  correction  for  eccentricity  is 

*In  proposing  the  microscopic  method  of  x)rojectiou  it  was  not  forgotten  that  the 
method  of  using  a  ncale  in  the  eyepiece  of  a  micrometer  had  been  used,  but  what- 
ever the  results  thereby  obtained  may  be  they  are  liable  to  personal  eqaation.  In 
the  method  here  a<lopted  two  observers  interchange  places  and  the  j>er8onal  equa- 
tion will,  in  a  measure,  be  eliminated.  Moreover,  the  method  is  capable  of  much 
development. 

t These  obsorviUJuu.s  include  Merie^  of  o<ld  and  even  tenths  of  a  turn. 
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expressed  in  divisions.  Between  zero  and  30d  the  correction  rises  from  nearly  zero 
to  nearly  0*2(2;  thence  to  reading  &dd  it  diminishes  to  nearly  0*2(2,  its  opposite 
extreme.  The  small  correction  has  been  applied  to  the  reading  of  the  micrometer 
for  all  observations  made  with  this  instrument,  as  given  by  the  following  table  of 
limits: 


Reading. 


d 
22.7 

15-3 

o-o 


33-2 
389 
436 
481 


Correction. 

d 
4-  0'2 

4-01 

O 

—  01 

—  0"2 


Reading. 


755 
703 
65- 1 


928 
100.0 
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ON  TUE  LEAST  SQUARE  ADJUSTMENT  OF  WEIGHINGS. 


A  report  prepared  by  direction  of 

O.  H.  TiTTMANN, 

Aflsistant  in  charge  of  the  Office  of  Standard  Weights  and  Measurei^ 

By  John  F.  Hatfobd. 


U.  S.  Coast  and  Geodetic  Survey, 
OfI^iob  of  Standard  Weights  and  Measures, 

Washington^  D.  (7.,  August  24^  18D2. 

Sib  :  I  beg  leave  to  submit  for  pablication  the  following  paper,  which, 
by  my  direction,  was  prepared  and  compiled  by  Mr.  John  F.  Hayford, 
of  this  office. 

It  consists  of  formnlse  for  the  least  square  ac^ustment  of  weighings 
of  such  series  or  sets  of  weights  as  occur  commonly. 

K  a  set  of  weights  of  specified  nominal  dimensions  be  given,  it  is 
required  to  intercompare  them  in  such  a  way  that  a  sufficient  number 
of  observation  equations  can  be  formed  to  bring  out  a  precise  result. 

The  paper  shows  by  symbols  the  manner  in  which  the  weights  should 
be  combined  in  the  weighings. 

The  result  is  then  worked  out  symbolically  with  numerical  coeffi- 
cients for  the  quantities  sought  and  for  their  probable  errors. 

NOTATION. 

Let  each  weight  be  indicated  by  its  nominal  value  inclosed  in  a 
parenthesis,  which  has  as  a  subscript  the  designation  of  the  set  to 
which  it  belongs,  and  also,  if  necessary,  iis  subscript  or  superscript,  a 
figure  to  indicate  which  of  two  or  more  similar  weights  of  a  set  is  meant. 

Thus:     (10«")*,     (1000«'")o,     (5*"i)pi,     (200«"»)*«,  '  (lini')3pi. 

r^  is  uniformly  used  in  the  following  paper  to  indicate  the  probable 
error  of  a  single  weighing. 

For  convenience  in  computation  the  nominal  value  of  each  weight 
may  be  omitted  from  each  absolute  term  and  the  weight  placed  equal 
to  its  correction,  the  nominal  value  being  always  understooil,  though 
not  expressed. 
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Id  all  the  foUowiDg  fonnalsB  it  is  assamed  (hat  all  the  obttenrations 
incladed  in  a  single  adjastment  have  eqoal  weight. 

THBEE  EQUAL  WEIGHTS. 

To  derive  the  valaes  of  two  unknown  nominally  equal  weights  from 
the  value  of  a  third  known  weight  of  the  same  nominal  value. 

Let  the  weights  be  (1)],  (1)2,  and  (1)3,  of  which  (1)3  is  known  with  a 
probable  error  r^t^ 

Let    xi  =  (1),  -  (1), 
and       xt  =  (1),  -  (1), 

Let  the  following  weighings  be  made: 

(1),  -  (1)3  =  at 

(1),  -  (1)3  =  a, 

(1).-(1),  = «, 

These  observation  equations  may  be  written; 

Xi  =  Oi 

aj,  =  a, 
Xi  —  X2  "=  (h 

The  normal  equations,  giving  these  observation  equations  equal 
weight,  are: 

2ar,  —    j^  =  a,  +  03 

^  Xi  +  2Xt  =:  Ot  —  03 

Solving  «•!  =  i  (2ai  +  fli    +  ^3) 

a^  =  i  (oi    +  2a,  -  <i3) 

r.^  =  r,^  =  0-82  r. 
See  Travaux  et  Meinoires,  Tome  2,  p.  D.  73. 

FOUR  EQUAL  WEIGHTS. 

To  derive  the  values  of  three  unknown  nominally  equal  weights  from 
the  value  of  a  fourth  known  weight  of  the  same  nominal  value. 

Let  the  weights  be  (1)„  (1)2,  (1)3,  and  (I)*,  of  which  (1)4  is  known  with 
a  probable  error  r^D  . 

Let  X,  =  (1),  -  (1)4 

X^   =    (1)2   -    (1)4 

or,  =  V^^.  -  (,1\, 


REPORT   FOR  1892 — PART   II.  517 

On  the  least  square  adjustment  of  weighings. 

Let  the  followiDg  weighings  be  made: 

(1),  -  (1),  =  Oi 

+  (1),  -  (1)4  =  a, 

+    (1)3  -   (1)4  =  03 

(l)i«(l),  =a, 

+   (1)»  -   (1)3  =  (h 

(l)l  -   (1)3  =   (k 

These  observation  equations  may  then  be  written: 

xi  =  ai 

-f  a?3  =  Oa 
d7i  —  ^  =  O4 

+  «»  —  0:3  =  Os 
Of  I  —  a?3  =  Oe 

Giving  these  observation  equations  equal  weight,  the  normal  equa- 
tions are: 

3a?i  —    a^  —    ^3  =  at  +  04  +  o« 

—    a?i  +  Sajj  —    o^s+Os  —  04  +  05 

—     Wi  —     iPj  +  3^  =  +  O3  —  O5  —  Of 

Solving 

»i  =  i  (2o,  +    a,  +    03  +  04  +06) 

a?,  =  i(ai  +  2o3+    O3-O4  +  O5         ) 

a?3  =  i(Oi+    o,  +  2o3  — 05  —  o«) 


'.  =  9 1^ 


3 
r,     =  r    ==  r,^  =  0-71  r. 

^(.),  =  nn,  =  r],,^  =  [(oVl  r„)»  +  (r^,,/]* 
Travaux  et  M^moires,  Tome  1,  p.  D.  72. 

FIVE  EQUAL  WEIGHTS. 

To  derive  the  values  of  four  unknown  nominally  equal  weights  from 
the  value  of  a  fifth  known  weight  of  the  same  nominal  value. 

Let  the  weights  be  (l)i,  (1)2,  (1)3,  (1)4,  and  (1)^,  of  which  (1)»  is  known 
with  a  probable  error  rcD . 

,  Let  x,  =  (l)i  -  (1), 

fl^  =  (1),  -  (1), 

X,  =   (1)3  -  (1)5 
X,  =  (1)4  -  (1), 


'AH  U.  J?.  COAST  AXD  GEODETIC  SUEVEV. 

Let  the  folloniiig  weighings  be  made: 

+   1-1  ^{l)i  =  a» 

+  ay,  -  (1),  =  «, 

-H  tlu  —  (lis  =  «4 
+  il.b  -  <lU  =  «• 

+    (lb    -(1)4  =«T 

(1),  —    llj,  =0, 

+    (lb-(lb  =«• 

(IJi  —  llh  =  tfw 

These  obaervation  ^nations  may  be  written: 

+  -r*  =  ^4 
*i  —  X4  =  a» 

+  X,  —  Xi  =  Og 

+    X3    —   X4    =   «7 

Xi  —  X3  =  a, 

+  J?,  —  X,  =0, 

Xi  —  Xj  =  Hit 

Giving  these  observation  equations  eqoal  weight,  the  normal  equa- 
tions are : 

4  X|  —     X,  —      Xa  —      X4  =  tf  I  +  tf 4                       -f-  tf,             4-  tfrt 

—  jTi  -t-  4  Xi  —      xj  —      jr4  =       -i-  tfj  -f-  tfg                       -|-  a»  —  4»if 

—  Xi  —      Xi   -j-  4  X,  —       X4  =                   -f-  tf,  +  ^  —  «•  —  ^ 

—  X|  —        X-  —        Xj  ^  4  X4  =                                   -7-  <l4  —  <l4  —  tfa  —  «J7 

Solving 

ri    -  \  {2  ai  -^      a:  —      rtj  -f-      <i4  -f-  ^5  -|-  ag  -|-  tfio) 

•»*    -    H     a,  —  2  tf,.  -h      tli  -f      d4  —  J6  -f  <»»   —  tfw) 

-^j  —  i  {    Oi  ^      tfj  4-  2  </j  -p      ^4  -i-  «7.   -  tf »  —  «f»  ) 

X4  =  i   (      rfi    -f         a^  -L        as  -|-   2  rf4  —  <l5  —  tf«   —  <»7  ^ 

rx,    =  rx,     =  rxg     =  rjr4     =      0*63  ra 

nth  •-=  niH  =  '-(i)!    =  n04    =  [(063  ^a  )*  +  H(,),  )| 

8EBIES  4,  3,  2,  1, . 

Series  (10),  (4),  (:3),  (2),  (1),  (0-4),  (0-3),  (0-2),  (O-l), . 

Observation  equations,  8upi)08ing  (10)  to  be  known  with  the  prob- 
able error  r.^,,. 
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(4)  +  (3)  +  (2)  +  (I) 


=  tfi  = 


(4)  +  (3)  +  (2) 

+ 

2i 

=   ^lo   =- 

(4) 

-(3) 

-(») 

+ 

£1 

—  rt3 

(4) 

-(«) 

-(!)- 

21 

_<l4 

(4) 

-(3) 

-(>) 

=  tfft 

(4) 

-(3) 



2i 

—  «• 

+  (3) 

-w 

-(I) 

—  tf7 

+  (3) 

-w 

Zi 

=  tfa 

+  (2)- 

-(!)- 

Si 

_tf9 

f  (0- 

£i 
2i 

-  (0-4) 

Observed  difference  [combination 

rection  (lo). 
Observed  difference  [combination 

rection  (lo). 


(lo)]  -f-  cor- 
(lo)]  +  cor- 


=  (0-4)  -f  (0-3)  +  (0-2)  -f  (o-i). 

Giving  these  obseryation  equations  equal  weiglit,  the  normal  equa- 
tions are: 


6(4)-     (3)  -     (I) 

(4) +  7  (3)+     (2)+     (I) 

+     (3)-h7(2)+2(i)-h    21 

(4)+     (3)  +  2(2)-f  6(i)-f     21 
4-    (2)+    (I) +  721 


fli-j-flg — os  — 05  —  o^-\'Oi'{-ag 

<*\-\-<^i O^  —  <»4  fh  —  <l%-\-^ 

Oi  — <i4 — ^6  — tfr         — a^-\- a  0 

-]-a%-\-a% — 04  — tfe         — «8 — a^ — <^io 


The  values  of  the  unknowns  are: 


21  = 


«1 

«t 

+c 

»-2l6l62 

4-0' 

183838 

+ 

•139397 

+  • 

160603 

-f 

-082828 

+ 

117172 

+ 

•157575 

•057575 

•034343 

+ 

134343 

-f-o-i6i6i6 

—  -106062 

—  171717 

+  075758 
4-  -156566 


«4 


4-0-159596 
4-    -O5I516 

-10707 1 

—  093940 

—  •II4I4I 


«» 


4-0-123232 
—    'II2I23 

4-  '056566 
—  -148485 
4-  013131 


—  I 


(4)  = 

(3) 

(2) 

(0 
2i 


«« 

«T 

4-0-155556 
—  133330 

4-    '022222 
4-     066666 
-     155556 

4-0-004040 

4-  .184844 

—  -129293 

—  -160604 
4-  -041414 

«■ 


4-0036364 

4-  -163638 

—  -163636 
-h  054546 

—  -127273 


—0038384 

—  -006062 
4-  -228283 

—  -224242 

—  -143434 


«!• 


4-0032323 

—  -021214 

—  034343 

4-  ^215152 

—  -168687 


-a  /K] 


^  =§7 


r,„  =  [(0-42  n)2  +  (0-4  r,,o))«J» 
r,„  =  [(0-39  r.f  +  (0-3  r,,,,f]k 
r,,,  =  [(0-40  r.)»  +  (0-2  r,,,,f]\ 
r,,,  =  [(0-44  r.f  +  (0-1  r,,,,f]\ 
rS,  =  [(0-38  0»  +  (0-1  r,,o)n* 


(10)  may  be  a  single  known  weight  or  a  combination  of  known  ^e.\^t».. 


«qi  iT  ^tt^«n»  fl^.  >Kr.  tir:^*  M  . 


^  ♦►;•--••-*  • 


-^L 


M  ^  V^  «rrT«lC  57  W^HpLLXtg  ZM0t 


^i^.   4.  -i-  i-    1.  #-5.  ♦'4-  #-5.  #e,  •'1,—.—. 


'$,        ^4;  -  (2,  ^ft^--^a^ 

^S.  '4;  -    f  I;    ^    ^ 

^5;  -  <3)  -'  ^2;  =  ^ 

f   (if    ^(2)  —  (I;      -  at^ 

(living  theHi;  obftervatioii  e^iuations  equal  weight  the  normal  equa- 
iiouH  are 

♦  6($;    -2^4;    -    (i)  -f     (i)-tfir-<»«  -f  a4-|-tfft-r-tf6  +  «7 

(5)  i  7(3)  {-2(2)  =     -t-«.,-f  a,  — tf*  — ffT  — «•  — tfi-f-«»« 

•f-2(3)-f  7(2)  =      ^at-\-aM-\-a4  —  a^         —a,  — o^  — a^ 

i      (5)f3(4)  +7(i):=ra,  -f-a,  +tf»  — fl*         +«•  —  «»  — «it 
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Solving 


(4)  =  »4»  (4- 95  <»i  +  40«t4-  63«t-  6i«4-83tfi-a3tf«-f39a,4-  55«t  +  iz5«»+  38«it) 
(3)  =  »4o  (4-  35  «i  4-  «4S  ««  +  x«7  «»  -  184  *4  4-  58  ««  4-  "S  tf«  -  8«  a,  -  xxo  ot  -  140  ot  4-  aia  ait) 
(a)  =  iJf(-  5«i4-  So«i4-  54«t4-  97«4-79«»-  4  «•  -  59  «»  -  5S«i4-  ao  «,  -  loi  «i,) 
(0  =  ^«  (+  5  «i  -   5  «t  4-  9  «»  4-  a  tf4  4- 16  «»  -  14  oi  -  4  «»  4"  10  og  -  ao  oa  -  x6  oii) 


m3  V    5 


_         5 

n»)  =  [(0-45  ^.)*  4-  (o'S  '-(IP))*]* 

^(4)  =  l(o-43  ^J'  +  (0*4  ''(lo))*]* 
''(«)  =  [(0-40  r.)«  4-  (0-3  r(ip))«]» 
n»)  =  [(0-40  r.)«  4-  (0-2  r(M»)«]* 
'•(I)  =  [(0*41  r.)«  4.  (01  r(,«,)«]» 

SERIES  6,  6,  4,  3,  2,  1,  — ,  — ,  — , 

Series  (6),  (6),  (4),  (3),  (2),  (1),  (0-6),  (0-5),  (0-4),  (0-3),  (0-2),  (0-1),  -, 

(10)  Either  as  a  single  weight  or  as  a  combination  of  weights  is 
supposed  to  be  known,  with  a  probable  error  r^i,) 

Observation  equations. 

(6)  4"  (4)  =  ai  =  Observed  diflference  [combination  —  10]  4- 

correction  (10) 

4-  (5)  4-  (4)  4-  (^)  =  ^  =  Observed  difference  [combination  —  10]  4- 

correction  (10) 

4-  (5)  4-  (3)  +  (2)  =:«,=:  Observed  difference  [combination  —  10]  4- 

correction  (10) 

(6)  -  (5)  -  (4)  +  (3)  =  «« 

(6)  -(4) -(3) +  {*)-(')  =  ''. 

(6)  -  (5)  -  (»)  +  (0  =  "t 

(6)   -(s)  -(0=«T 

(6)  _(4)  _(a)  =a, 

+  (S)  -  (4)  -  (I)  =  .^ 

+  (5)  -  (3)  -  (*)  -  "1. 

+  (4)  -  (3)  -  (i(  =  "ix 

+  (3)-(2)-(0  =  «n 

Giving  tliese  observation  equations  equal  weight,  the  normal  equa- 
tions are 


?.« 


T   %   To^k^T  .±2ra   iai.LH.T:i:  k^'^zx. 


fiilll 

m 

ffHll 

:  s  s  s  i  = 

ffffff 

ilrPI 

5  I  +7"    Ii 


5 

aliflf 

; 

iliill 

55E£b| 

f 

mm 

c  be  dco 
~-r-\ i — 

.• 

llllfl 

6  boo  =  b 

c 

q 

s 

II  11  II  II  II  II 
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r,„,,  =  [(0-49  r.)»  +  (0-6  r„.,)»]» 

r,„  =  [(0-43  r.)»  +  (0-5  r,„;)»l* 

r„,  =  [(0-42  r.)»  +  (0-4  r,..,)']* 

r„,  =  [(0-43  r.)»  +  (0-3  r,,,,)*]* 

r,„  =  [(0-42  r.)»  +  (0-2  r,,.,)'']* 

r,„  =  [(0-41  r.)»  +  (0.1  r,„,)»]» 


SERIES  6,  3,  2,  1,  — ,  — ,  — , 

Series  (5),  (3),  (2),  (1),  (0-6),  (0-3),  (0-2),  (0-1)  — ,  — ,  — .  (10)  either  as  a 
single  weight  or  as  a  combination  of  weights  is  supposed  to  be  known 
with  a  probable  error  r^n) 


(S)  +  (3)  +  (*) 

=  «i 

(S)  +  (3) 

+  (')  + 

2i 

=  ^2 

(S) 

-(3)- 

-(«) 

-(')  + 

2i 

=  tf3 

(S) 

-(3) 

-  (»)  +  (0  - 

2)1 

—  ^4 

(S) 

-(3) 

-(«) 

—  ^6 

(5) 

-(3) 

• 

-(«)- 

Si 

=  ^5 

+  (3)- 

-(*) 

-(«) 

—  «7 

+  (3)- 

-(») 

— 

2i 

_fl. 

■ 

fw 

-(!)- 

£1 

—  ag 

+  (1)- 

2 1 

_  tflO 

Observation  equations, 

:  Observed  difference  [combination  —  (lo)]  -f  cor- 
rection (lo). 

:  Observed  difference  [combination  —  (lo)]  -f-  cor- 
rection (lo). 


Giving  these  observation  equations  equal  weight  the  normal  equations 


-f6(5)-2(3)-2(2) 

-2(5)  +  2(3)-|-7(2) 

+    (3)  +7(0 

+    (3)  +72i 


=  tf  1  +  tf«  +  fl3  +  tf  4  +  ^6  +  ^6 

Si  =  ai  -\-(i%  —  os  —  a^  —  oj,  —  a^  ■\- a^ -\- a% 
=  fli  —  Oz  —  a^  —  Of,  —  a^  —  a%-\-a^ 

=        +  ^  —  ^3  -|-  tf  4  —-a^  —  ay  ^9  -{-  tf  10 

-f-Oa-l-aj  —  a«  — a^  — ag — og  —  am 
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Solving; 


[S)  = 

3)  = 

0  = 


m 
m 

2i  = 


«I 

^ 

«i 

«« 

M 

+0*277778 
+0*155556 
+0*177778 

— 0*022222 
—0*022222 

+0*222223 
+0*144445 
+0*022223 
+0*122222 
+0*122222 

+0*111111 
-0-077778 
—0-088889 
—0*131746 
+0-153968 

+0*111111 

-ot)77778 
— 0-088889 

+0-II1111 
—0-077778 

+0-011111 
+0-011111 

+0*153968 
— 0-131746 

«f 

«T 

«t 

•• 

+0-I66666 
— 0*066667 
+0066666 

—o«  33333 
:  —0133333 

+0*200000 
— 0*200000 
— 0*171429 
—0*028571 

+-0*200000 

—o*  200000 
—0*028571 
—0*171428 

+0*055556 
+0-01 II 1 1 
+0-155556 

-0-I44444 
— 0-I44444 

+0-142857 
-0-142857 

r 
r 


=»/? 


(4)    

♦■(.,= 
»•(.)    = 


[(0-U  r.)»  +  (0-6  r„.,)»]l 
[(0-38  r.)»  +  (0-3  r,„,)*]> 
[(0-41  r.)*  +  (0-2  r,«„)«]l 
[(0-38  r.)»  +  (0-1  r,^)»]» 
[(0-38  r.)»  +  (0-1  r,»,)']» 


SERIES  5,  2,  a,  1 . 

Series  (5),  (3)„  (2)„  (1),  (0-5),  (0-2),,  {0-2)„  (0-1) 

(10)  either  as  a  single  weight  or  a  combination  of  weights  is  supposed 
to  be  known  with  a  probable  error,  r^y^y. 
First  make  the  weighings— 

(5)  +  (2).  +  (2),  +  (1)  =  (10)  +  A 
(5)  -  (2),  -  (2),  -  (1)  =  J. 

Then  (5)  »  J  [(10)  +  /f,  +  J,] 

and  (2),  +  (2),  +  (1)  =  i  [(10)  +  J,  -  J,]  =  IT 


Observation  equations. 


(1)  -^1 

(1)  -  (2).  +  21 

(1)  -  (2),  +  21 

+  (2).  -  (2), 
(1)  +  (2),  -  (2),  -  ^1 
(1)  -  (2).  +  (2),  -  21 


a,  21  =  (0-5)  +  (0-2),  +  (0-2),  +  (O-l), 


REPORT   FOR   1892 PART   n.  525 

On  the  least  square  adjustment  of  weighings. 

Giving  these  observation  equations  equal  weight  and  introducing 
the  rigid  condition  (2)i  +  (2)3  +  (1)  =  W,  the  normal  equations  are: 

+  5  (I)  —     (2),  -     (2),  —     2i  =       ai-\-  a^  +  at  ^  a^ -\- ih 

—     (i)  -f  4  (2)1  —  3  (2)«  —     2i  =  —  tf,  ^04  +  01^  —  09 


(I)-  (2),-  (2),- 
(0  +  4  (2)i  -  3  (2).  - 
(0-3(2),  +4(2),- 


Solving 


(I)—  3(2),   +4(2),  —        21=  -_tf3_«^_aj_|_^ 

(I)  —     (2)1—     (2)»-|- 5  II  =  — tfi -h  tf, -l-a,  —a^  —  a^ 


(I)  =  H      ftfi  -h      a,  +     St  +    1^,  4.    1^,  -^     W) 

(2)1  =  ^  (-1^,  _  J^-  fa,  +  Va4  -h  JK-««6  +  4  W) 
(2),  =  A,  (-  ftf,  _  fa,  -  -S^a,  -  V^  -  lf«5  +  if ^  +  4  W) 
2l=i(—    tfi+     fla-f      fla  —      «»—«•+     W) 

Or  the  solution  may  be  put  in  the  form — 

»f,   =  tfi  +  fl,  -|-  tfs  -j-  a,  -j-  ^6 

OTs=      —  a,  -|-«4H-<»6  4-<*e 

IW3  =  —  tfa  —  tf  4  —  ^5  -j-  00 

S    =^  I  (w,  -f  iw,  -I-  «,) 

IW'i  =^  W|  —  o 

iw'a  ==  wj  —  S 
ml,  =  «,  —  S 


m',  =  01,  —  a 
M    =4  W +  »!»,  + iwi, 
N    =  4  (mh  —  m  I3) 
(I)  =.  i  (,«i,  +  W) 
(2),=:A,(M    -hN) 
(2).=  ^(M    -N) 
2i  =  i[(i)  -S] 


-V 


t^ 


r^  must  be  computed  according  to  the  method  of  deriving  the  value 
of  W,  assuming  that  the  probable  error  of  each  weighing  is  r^.  In  cou- 
tinning  the  series  it  should  be  noted  that  the  value 

(0-6)  +  (0-2),  +  (0-2)2  +  (0-1)  =  21 

is  already  known. 

r,,,  ==  [(0.37  r.)«  +  (0-2  rjf]\ 

r,„^  =  [(0-32  r.y  +  (0-4  rjf]k 
r,„^  =  [(0-32  r.f  +  (0-4  rjf]k 
r„     =  [(0-45  n)»  +  (0-2  r  J»]» 

eee  Travaux  et  Memoirs,  Tome  111,  pp.  T>  «a-\>  ^^ 
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SERIES  5,  2,  1,  1, 

.  8erie«  (5),  (2),  (1)„  (1)^  (0-6,  (()-2),  (0-1  )„  (0-1)^ . 

(10)  either  as  a  single  weight  or  a  conibiuation  of  weights  is  supposed 
to  be  knowu. 
First  make  the  weighings — 

(6)  +  (2)  +  (1),  +  (1),  +  21  =  (10)  +  J, 
(5)  -  (2)  -  (1),  -(!),-  21  =  J, 

21  =  (0-5)  +  (0-2)  +  (01),  +  0-1)2  +  20-1 

Then  (5)  =  J  [(10)  +  J,  +  J,] 

and  (2)  +  (1),  +  (1)3  +  21  =  i  [(10)  +  ^i  -  ^t]  =  IT 

Then  make  the  weighings  indicated  by  the  following 

Observation  equaiions. 

(1),  -  (1)2  =  a, 

(1),  -  :^1  =0, 

+   (1)2  -   21  =03 

(1),  +  (1),  -  (2)  -:  a, 

+  (1)2  -f  21  -  (2)  =  05 

(1)  +  21  -  (2)  =  o. 

Giving  these  observation  equations  equal  weight  and  introducing  the 
rigid  condition  (2)  -|.  (1),  +  (1 ),  +  21  =  Kj  the  solution  of  the  resulting 
normal  equations  give— 

(Oi  =  a\,  (h  S'^i  -\-  S^  -h  3<i4  -  2fl6  +  3«e)  +  i  K 

(i)«  =-  ^o  (-  S'^i .  r  S^^  +  3«4  H-  3^8  —  2tf6)  -h  i  K 

2i    -  -  Vft  (  —  S''«  -  S«»  —  2fl4  +  3^  +  3««)  4-  i  K 

(2)   =^  i'.i  (  -  4^4  -  4^  —  4^)  +  I  K 

n,  =--r^j^^    -r^^     -[(0  42/,r    :    (o-2rk)^J  ^ 
''(1)  =L(^*35'i^'"    V  (o^'-k)'*^]   " 

r^  must  be  computed  according  to  the  method  of  deriving  the  value 
of  ii,  assuming  that  the  probable  error  of  each  weighing  is  r^.    In  con- 
tinuing the  series  it  should  be  noticed  that  the  value  (0-5)  +  (0-2)  +  (O-l)i 
+  (0*1)2  +  iSl  =  21  is  alreaily  known. 
These  formulne  may  be  ap])liod  to  the  office  sets  of  weights  as  follows: 
For  the  platinum-iridium  metric  weights  pi,  series  5,  2, 1, 1,  p.  526. 
1^^  third  1-gramme  weight  may  take  the  place  of  21  in  the  formula. 
■flHH||A^(  the  series  one  extra  half  milligramme  with  that  which  be- 
^r       ^flie  set  will  furnish  20(H)l'f°». 
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On  the  least  square  adjustment  of  weighings. 

For  the  star  metric  weights  (  )*. 

Weights  1000«"',  600»°»,  200,8«,  200,«'°,  lOO,*",  100,k'°,  use  forniulaB  of 
pages  524  and  525,  putting  IOO^k™  in  the  place  of  ^1. 

Weights  60«™,  30«»',  20«»»,  10«",  use  formulse  of  pages  623  and  524. 

Weights  5««,  4«*",  S^*",  2«'»,  1«™,  use  formulae  of  pages  520  and  521. 

For  the  remainder  of  the  set  use  formulse  of  pages  518  and  519. 

For  star  grain  weights  use  formulae  of  pages  520  and  521. 

For  star  troy  ounce  weights:  Weights  10®«,  6",  5",  4«»,  3«»,  2**,  I**, 
use  formulae  of  pages  521  and  522. 

For  the  remainder  of  the  set  use  formulae  of  pages  520  and  521. 

For  the  new  gilded  metric  weights  (  )G  use  formulae  of  pages  520 
and  521. 


APPENDIX   No.   11—1892. 


RESULTS  OF  MAGNETIC  OBSERVATIONS  AT  STATIONS  IN  ALASKA  AND 
IN  THE  NORTHWEST  TERRITORY  OF  THE  DOMINION  OF  CANADA. 


Observations  at  five  stations  in  Alaska  by  J.  E.  MgGrath  and  J.  Hrnrt  Tdrnkr, 
Assistants,  U.  S.  Coast  and  Geodetic  Survey,  in  the  years  1889,  1890,  and  1891. 

Discossion  of  results  and  comparison  with  other  stations  by  Chables  A.  Schott^ 

Assistant. 


Submitted  for  publication  June  22, 1892. 


The  report  which  I  have  the  honor  to  submit  herewith  relates  only 
to  the  magnetic  results  reached  by  Assistant  J.  E.  McGrath  and 
Assistant  J.  H.  Turner  in  connection  with  their  survey  of  the  eastern 
boundary  of  Alaska,  between  Mount  St.  Elias  and  the  Arctic  Ocean, 
during  1889-.'90-^91. 

The  magnetic  records  and  observers'  computations  are  the  only 
returns  made  to  date;  hence  they  were  taken  up  first.  The  office  com- 
putation is  by  Mr.  L.  A.  Bauer.  The  instrumental  outfit  of  Mr.  McGrath 
consisted  of  Magnetometer  No.  7  and  Barrow  Dip  Circle  No.  12  5  Mr. 
Turner  had  Theodolite  Magnetometer  No.  Ill  and  Barrow  Dip  Circle 
No.  8;  also  a  prismatic  compass. 

(i)  Observations  an  Amdknak  Island^  Iliuliuh  Harbor  ( UiMiLa%ka). 

[^  =  530  5a'-9.         A  =  i66»  31'  6  W.) 


1889 
189I 


June      28, 29 
28,29 

JulyiS,  16,  lyj 


McGrath 
Turner 
Turner  and 
Edmonds 


Z?  =  — 


17  46-0 
~i8  12-4 

—18  069 


0  = 


0   / 

67  13-2 
67  068 

^—0*2058 
0*2052 

^=05314 

0-5278 

67  I7'2 

0-2057 

0-5328 

The  predicted  annual  decrease  of  declination  (Ai)p.  7,  Rep.  1888), 
epoch  1890,  was  2''4;  it  is  probable  that  3-0  is  nearer  the  truth.  A 
new  discussion  of  the  14  values,  now  available,  resulted  in  the  expres- 
sion D  =  — 17-65  +  2-26  sin  (1-3  m  —  69°). 

8.  Ex.  37—34  ^"^ 
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(2)  Observations  at  8L  Michael^  on  tundra  ba^^Jc  of  tlve  village. 

[Stations  A  and  B  close  together.    ^  =  es"  a9'x.    k  =  i6a*  os'a  W.] 


0      / 

0       / 

1889 

July       7,8,9 

McGrath 

/>=— 23  15-0 

^  -  74  57-8 

/^=  0*1479 

F=  0-5702 

7,  8, 9, 10 

Turner 

—23  09*8 

75  065 

01471 

0-5723 

1890 

Oct.  26, 27, 28,) 

29,3oS 

Nov.  26, 27, 28) 

Turner 

—23  07  0 

75  «2-i 

0-I474 

0-5770 

I89I 

Mar.  7,8,9, 10^ 
June   16  to  235 

Turner 

—23  02-4 

75  050 

0-1475 

0-5728 

This  is  not  a  secular-cbange  station,  but  may  become  one  hereaft43r. 
In  the  summer  of  1827  Admiral  Liitke  found  30'  30'  B.  in  Norton  Sound 
near  this  place,  and  in  June,  1874,  L.  M.  Turner  found  23''  0'  E.,  this 
last  probably  a  rough  and  unreliable  value.  We  infer  from  other  sta- 
tions that  the  declination  has  been  diminishing  since  LUtke's  time; 
hence  an  annual  rate  of  T^  which  seems  to  fall  in  well  with  results  at 
stations  in  the  vicinity* 

(3)  Observations  at  Fort  Yukon  {now  abandoned). 


, 

[4  =  66*  33"8. 

A=i45»J 

i7"8  W.J 

1889 

Aug.  5, 6, 7, 8 
8,9,10,11 

McGrath 
Turner 

Z)  = 

0         / 

—34  469 
—35  «20 

0       / 

^  =  79  34-3 
79  37-8 

^=0-1070 
0-1070 

F=^0'$gii 
0-5944 

The  only  other  observations  known  to  me  at  this  place  are  those  of 
Capt.  O.  W.  Raymond,  U.  S.  E.  He  found:  1869,  August  14, 16  and 
26,  D  =  -  36»  32'-7,  6  =  79°  49'-5,  but  his  intensity  results  h  =  2-7321 
and/  =  15-472,  or  when  converted  into  0.  G.  8.  terms  H  =  0-1260  and 
F  =  0-7134,  ap])ear  to  be  too  large.  The  average  annual  diminution 
of  declination  becomes  4'*6,  a  smaller  value  than  had  been  supposed 
heretofore.  Probably  the  truth  lie^  between  4'-6  and  lO'-O,  particularly 
since  no  extreme  value  was  known  to  have  been  reached  in  the  interval 
of  twenty  years.  The  isogonic  chart  for  1890,  Api)endix  No.  11,  ReiM)rt 
for  1889,  p.  396,  gives  the  declination  —  33°,  or  about  2**  too  small,  due 
to  the  cause  just  mentioned. 

(4)  Camp  Davidson,  eastern  boundary,  on  Yukon  River. — <p  =  64*»  41', 
A  =  140°  57'.  At  this  place  magnetic  observations  were  made  by 
McGrath  generally  on  three  or  more  days  each  month,  between  &e\y- 
tember,  1889,  and  May,  1891  (inclusive).    The  results  are  as  follows: 


Mean 
Date. 


l889» 
18905 
1891-2 


Dccl'n  E. 


Dip. 


lloriz.  Int.      Total  Int. 


\ 


35  47*3 
44- 1 

A3Q 


78  3^-6 
326 

339 


0-1171 

"73 
"73 


^ 


0-5929 

•5903 
•591S 


y^^f^ 
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Results  of  Maffnetic  Observations  at  stations  in  AlasJca  and  in  the 

Northv^est  Territory. 

Ko  reliable  value  for  annual  change  of  declination  can  be  deduced, 
the  series  being  too  short,  but  here  also  the  indications  point  to  a 
smaller  value  than  had  been  inferred  previously.  A  diminution  of 
about  5'  or  6'  is  probable. 

(5)  Camp  CoU>nnaj  Porcupine  River.— cp  =  67°  25'-l,  X  =  140«  68'-8. 
At  this  station  we  have  absolute  measures  as  well  as  differential  ones 
by  J.  H.  Turner  and  party.    The  results  of  the  former  are  as  follows: 

From  daily  observations  between  June  13  and  25,  inclusive^  1890. 

D  =  -  38**  06'-8 
6  =       80°  36'-9 
H  =       00972  and  F  =  0-5961 

H.  W.  Edmonds,  observer.  The  differential  measures  form  quite  an 
extensive  series  and  admitted  of  some  of  the  usual  deductions  respect- 
ing the  variations  of  declination.  These  measures  are  confined  to 
variations  in  declination  and  were  made  every  five  minutes  through 
twenty-four  hours  on  one  day  (Tuesday)  of  every  week  between  Novem- 
ber, 1889,  and  June,  1890;  in  all,  covering  thirty  days  of  observation. 
In  this  work  Mr.  Turner  was  assisted  by  H.  W.  Edmonds,  J.  Meade, 
W.  E.  Lingard,  and  0.  P.  Harkort.  The  five-minute  intervals  were 
considered  as  unnecessarily  close,  i.  e.,  the  same  results  were  deducible 
firom  the  hourly  values,  hence  the  latter  only  were  reduced  to  a  uniform 
zero  by  applying  the  correction  for  the  various  circle  readings;  that  is, 
they  were  converted  into  absolute  measure.  The  position  of  the  mag- 
netic axis  of  the  long  or  intensity  magnet  was  determined  in  June,  1890, 
also  at  Iliuliuk  and  at  St.  Michael  in  June  and  July,  1889;  a  weighted 
mean  value  has  been  used.  In  the  hourly  tabulation  of  results  the 
letter  "  a"  indicates  the  appearance  of  an  aurora.  Between  December 
9  and  16  the  sun  disappeared  and  re-appeared  above  the  horizon  between 
January  20  and  27.  The  adopted  scale  reading  of  the  axis  was  32^*1,  and 
the  value  of  one  division  of  the  scUle  is  1''60;  there  are  many  readings 
connecting  the  zero  of  the  horizontal  circle  of  the  declinometer  with  the 
azimuth  mark.  The  tabulation  isherewith  appended.  A  result  differing 
more  than  13'  from  its  hourly  mean  has  been  marked  as  a  disturbance 
and  is  indicated  by  a  star  attached  to  it.  The  character  of  the  diurnal 
variation  remains  the  same  for  the  total  and  the  normal  diurnal  vari- 
ations, the  latter  showing  less  amplitude.  The  accompanying  table  has 
been  prepared  to  show  the  accord  of  the  diurnal  variation  of  the  declina- 
tion at  this  camp  with  the  variations  observed  at  several  surrounding 
stations,  though  widely  separated  geographically.  They  are  (a)  to  the 
northward  and  westward,  Uglaamie,  Point  Barrow,  Lieut.  P.  H.  Bay, 
q)  =  71°  17'-7,  X  =  156°  39'-8  W.  (see  Appendix  No.  13,  Coast  and  Geo- 
detic Survey  Beport  for  1883),  results  from  hourly  series,  October,  1882, 
to  March,  1883,  inclusive,  (b)  Plover  Point,  Point  Barrow,  about  16 
kilometres  to  th^  north  »nd  e«,st  of  Uglaamie,  <p  ^  TV  "tV  -^V.  ^^SRs*  ^^'  *X 
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W.,  series  by  Commander  R.  Maguire,  R.  N.,  in  1852-'53-^54;  Phil. Trans. 
Roy.  Soc,  1857 ;  results  from  November,  1^2,  to  June,  1853,  inclasive, 
and  from  October,  1853,  to  June,  1854,  inclusive,  (c)  To  the  southward 
and  eastward,  Sitka  ( Japonsky  Island) ;  Russian  magnetic  observatory 
in  ^  =  57°  02'-9,  A  la^''  20'-3  W.  This  series  extends  fr6m  1848  to 
1864,  but  is  much  broken  up  and  very  irregular  as  to  hours  of  obser- 
vation, and  the  variation  could  not  be  made  out  for  each  month  sep- 
arately (see  table  at  foot  of  p.  347,  A])pendix  No.  13,  Report  for  1883). 
(d)  To  the  eastward  and  southward,  Fort  Rae,  Great  Slave  Lake,  in 
<p  =  62**  38'-9,  X  =  115°  43'-8  W.,  Oapt.  H.  P.  Dawson,  R.  A.,  1882-'a3 
(see  observations  of  the  International  Polar  Expeditions,  London,  1886) ; 
the  results  given  refer  to  the  time,  October,  1882,  to  March,  1883, 
inclusive.  And  (e)  Fort  Ohipewyan,  Lake  Athabasca,  to  the  south- 
ward of  Fort  Rae,  and  in  ^  =  58°  43',  X  =  111°  18'-7  (see  magnetical 
and  meterological  observations  at  Lake  Athabasca  by  Capt.  J.  H. 
Lefroy,  Loudon,  1885,  series  from  October  16, 1843,  to  February  29, 
1844,  inclusive).* 


Local  hour. 

Camp  Co- 
lonna.  Por- 
cupine 
River, 

Uglaamic, 

Point 

Barrow. 

Plover 
Point, 
Point  Bar- 
row. 

Sitka,  Ja- 
ponsky 
JsUnd. 

Fort  Rae, 

Great  Slave 

Lake. 

Fort  Chip- 
ew>'an. 
Lake  Atha- 
basca.t 

/ 

/ 

/ 

/ 

/ 

/ 

Midnight. 

—  77 

-152 

— IO-8 

-  06 

-IO-5 

-  1-9 

I 

—  4-2 

—  1.3-6 

80 

4-  0-2 

+  12-3 

—  1-6 

2 

—  5-4 

—  4*9 

—  1.9 

4-  fo 

—  7-3 

4-  09 

3 

+  3-1 

-f-  6-5 

-f  3-6 

4-  1-4 

■f  >-5 

4-  1-6 

4 

+  40 

-f  6-9 

4-IO-9 

f    2-0 

4-  8-7 

+  5-8 

5 

-fii-5 

-fiS7 

4- 1 6*6 

4-  2-9 

+  156 

4-  8-2» 

6 

-fii-S 

-fi9-2 

-I-I9-3 

4-  4-2 

4-19-9 

+  5-8 

7 

+"•3 

+21-8 

4.27-1* 

+  5-3 

4- 208 

+  5-5 

8 

+  164* 

4-247* 

4-27-0 

4-  6-0* 

4-24-7* 

+  3*9 

9 

-I-I2-0 

4-17-8 

4-19-9 

-f  5-3 

4-24-1 

4-  37 

lO 

+  5-6 

+  8-3 

+  9-3 

f  30 

+15-5 

+  1-3 

II 

+  i-i 

—  0-6 

—  04 

4-  0-6 

+  77  . 

—  3*0 

Noon. 

-  53 

-  6-8 

8-2 

—  21 

—   2-0 

—  40 

'3 

-  5-2 

--  71 

--io-7t 

—  3'2 

-  5*5 

—  4*9 

14 

-  7-3t 

—  8-ot 

-   0-8 

—  4-2 

-8-5 

—  5-2t 

15 

-  6-5 

-  61 

—  99 

-4-6 

—10-5 

—  4*2 

i6 

--6-4 

-  7-6 

-     08 

-  4-6t 

— io7t 

—  3*3 

17 

-  5-6 

—  77 

—  IO-2 

-38 

—10-5 

—  2*9 

i8 

-  50 

—  8-2 

—  97 

—  3-2 

—10-7 

—  1-8 

'9 

—  36 

61 

--  8-4 

—  2-4 

—  99 

—  1-4 

20 

-     30 

-6-5 

-  9-0 

—  1-4 

—10-6 

—    1-2 

21 

-      2-0 

-6-5 

-  75 

08 

—  9-0 

—  i-o 

22 

—    29 

-II-5 

-  79 

—  04 

—10-3 

—  o*3 

23 

-    S-2 

—  4-2 

-ii-S 

--  0-6 

-  10-3 

—  OI 

Midnight. 

—  77 

—15-2 

—  10-8 

—  0*6 

— iO'5 

—  1*9 

A  +  sign  signiflos  a  deflection  of  the  north  end  of  the  needle  to  the  «<Mf,  a  —  sign  the  oontraiy 
motion.  For  other  North  American  stations  compare  tahle  given  in  Appendix  9,  Beport  for  1890,  p. 
283.  Owing  to  the  sun  npot  or  eleven  year  inequality  and  the  circumstance  that  the  tabular  values 
do  not  strictly  refer  to  tho  Hnmo  months,  the  ranges  of  the  diurnal  variation  are  not  directly  oompar- 
able,  but  the  hours  of  extreme  range,  marked  thus,  *  and  t,  as  well  as  the  hoars  of  average  dally 
VMinc,  indicated  by  change  of  sign  and  a  bar may  be  so  compared. 

*  Figuree  BlighUy  aWAt^di  \a  T«l«t  \a  tdls^wl  of  24  honn. 
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Seitults  of  Magnetic  Observations  at  stations  in  Alaska  and  in  the 

Northwest  Territory, 

Analysis  of  the  larger  disturbances. — ^This  was  roughly  done  by 
Sabine's  method*  (as  fully  explained  in  Appendix  No.  9,  Beport  for 
1890,  p.  269,  and  following),  the  adopted  limit  of  Jo  13'  separated  68  out 
of  a  total  of  720  liourly  values,  or  about  1  in  11.  The  predominance  of 
the  easterly  over  the  westerly  disturbances,  both  in  numWr  and  amount, 
as  heretofore  noted  for  Nortli  American  stations,  is  again  confirmed  at 
Camp  Colonna,  as  shown  in  the  following  table: 


Nov. 

Dec. 

Jan. 

Feb. 

Mch. 

Apr. 

May 

Total. 

Number. 
E.              W. 

Amount. 
E.              W. 

7  2 
6              2 

7          5 

6  I 

7  3 

8  2 

9          3 

/                 / 

163              74 

143              64 
150              92 

139              31 
183              96 

193              36 

322           55 

50        18 

1  293          448 

Batio  of  easterly  to  westerly  disturbances,  1  to  2-8  for  number  and 
1  to  2*9  for  amount.  The  average  disturbance  is  about  26',  and  the  time 
of  greatest  activity  (for  easterly  deflections)  is  between  5*^  and  9^  and 
of  least  activity  between  14**  and  20**.  However,  the  total  number  is 
too  small  and  the  series  too  incomplete  to  place  much  reliance  on  this 
deduction.    The  extremes  of  the  series  are  37°  +  2°  42'  and  37**  +  6'. 

(6)  Station  in  valley  of  Three  Rivers^  in  ^  =  68°  36'-8,  \  =  Ul*  00'  W. 
Turner,  observer.    Declination,  April,  !,  1890,  —  40**  33'. 

(7)  Station  mouth  of  Firth  River,  in  (p  =  69**  23'-5,  X  =  140**  00'  W. 

Turner,  observer.  Declination,  April,  !,  1890,  —  43°*22'.  This  last  sta- 
tion is  not  far  from  the  Arctic  Ocean,  between  Demarcation  Point  and 
Herschel  Island ;  an  observation  of  August  16, 1889,  at  Herschel  Island, 
by  officers  of  the  Thetis^  agrees  well  with  it.  By  means  of  these  obser- 
vations the  isogonic  curves  may  now  be  extended  as  far  east  as  the 
Mackenzie  Bay.  t 

There  may  be  other  observations  for  declination  taken  on  the  Yukon 
and  Porcupine  rivers  *'en  route''  of  which  I  have  no  information. 


*Here  Bimplitied. 

t  Bee  accompanying  isogonic  chart  of  Alaska  for  1890,  second  edition  (iiloBtration 
No.  35)|  containing  this  latest  information. 
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The  method  in  general  use  for  adjusting  a  triangulation  is  the  indi- 
r^t  one.  At  each  station  a  station  adjustment  is  made,  and  then,  in 
order  not  to  disturb  the  station  relations,  the  further  corrections  to  the 
angles  are  expressed  in  the  form  of  a  difference  of  corrections  to  its 
two  directions;  and  the  rigorous  conditions  of  the  triangulation  being 
thus  expressed  and  multiplied  by  indeterminate  factors,  usually  called 
correlates,  are  then  added  to  the  minimum  function,  i.  e.,  the  weighted 
sum  of  squares  of  corrections  to  the  observed  directions,  before  the  con- 
ditions for  the  minimum  are  found  by  differentiation.  This  gives,  then, 
the  corrections  to  each  direction  in  terms  of  the  correlates,  and  by  sub- 
stituting these  into  the  rigorous  conditions  we  obtain  the  normal 
equations,  which,  being  solved,  give  the  numerical  values  of  the  corre- 
lates, and  thence  also  the  corrections  to  the  directions,  and  finally 
those  of  the  angles. 

There  are  two  principal  difficulties  in  the  ap])lication  of  this  method. 
One  of  these  is  the  correct  establishment  of  the  rigorous  conditions; 
the  inexperienced  computer  may  easily  omit  an  essential  condition  and 
use  one  instead  which  is  derivable  from  the  others.  Another  difficulty 
is  experienced  sometimes  by  the  presence  of  small  angles,  which  require 
an  extremely  precise  solution  of  the  normal  equations,  and  it  may  hap- 
pen, nevertheless,  that  the  conditions  are  not  as  exactly  ftilfilled  as 
desired.  The  latter  difficulty  would  be  avoided  if,  instead  of  using 
correlates,  we  eliminate  as  many  (corrections  as  there  are  rigorous  con« 
ditions,  and  then  make  the  weighted  sum  of  the  squares  of  independ- 
ent and  dependent  corrections  a  minimum  in  the  usual  manner.  The 
normal  equations  thus  obtained  require  neither  such  precision  in  their 
formation  nor  in  their  solution,  because  they  fulfill  only  the  minimum 
condition.  But  it  lias  the  difficulty  in  the  establishment  of  conditions 
in  common  with  the  indirect  method  and  a  new,  even  greater,  difficulty 
besides,  viz,  the  elimination  of  dependent  corrections  of  directions, 
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especially  from  a  very  large  number  of  conditions.  This  method,  which 
I  call  the  direct  analytical  method,  to  distinguish  it  from  a  method  fr«e 
of  these  tl^ree  difficulties,  the  direct  synthetical,  is  given  in  some  books 
(see,  for  instance,  Jordan's  Handbuch  der  Yermessungskunde,  Vol.  i, 
p.  115)  as  a  possible  method,  not  to  be  used  on  account  of  its  great 
complexity  for  a  great  number  of  conditions. 

The  direct  synthetical  method,  which  is  the  subject  of  this  paper,  has 
an  object  similar  to  that  Of  the  direct  analytical  method,  viz,  to  express 
the  corrections  to  the  dependent  angles  in  terms  of  those  to  the  inde- 
pendent ones;  but  it  does  that  without  establishing  the  conditions  in 
toto.  Whether  only  one  station  or  a  whole  triangulation  is  considered, 
or  a  number  of  new  points  joined  to  already  fixed  ones,  a  set  of  funda- 
mental angles  is  selected,  and  in  the  work  of  expressing  the  corrections 
to  the  dependent  or  supernumerary  angles  the  proper  conditions  for 
this  purpose  present  themselves.  A  condition  thus  used  needs  no  fur- 
ther consideration,  and  by  thus  removing  condition  after  condition  the 
work  takes  a  strictly  prescribed  course,  differing,  however,  more  or  less 
for  a  different  set  of  fimdamental  angles.-  Thus  we  avoid  completely 
the  danger  of  duplication  or  omission  of  conditions'. 

As  to  the  number  of  normal  equations  to  be  solved,  either  mode  of 
the  direct  method  has  tlie  advantage  generally.  It  happens  ouly  in 
undeveloped  figures  that  the  indirect  method  leads  to  fewer  normal 
equations;  for,  in  order  to  establish  n  points,  2  (n  —  2)  angles  are  sufii-- 
cieut,  which  number  is  therefore  the  numb^  of  normal  equations 
required  by  either  mode  of  the  direct  methods  of  adjustment.*  If  the 
number  of  supernumerary  angles  is  <  2  (n  —  2)  there  will  be  fewer 
normal  equations  by  the  indirect  method;  but  then  the  triangulation 
will  also  be  weak.  If,  however,  every  possible  angle  is  measured  between 
n  points,  we  have  (w  —  2)*  normal  equations  to  solve  by  the  indirect 
method,  so  that  the  direct  method  becomes  the  more  advantageous  in 
this  respect,  the  more  perfect  the  triangulation  is.  It  was  already 
stated  that  in  such  a  triangulation,  particularly  if  n  is  large,  the  work 
of  expressing  the  corrections  to  the  dependent  angles  in  terms  of  those 
to  independent  ones  is  considered  impracticable  by  the  direct  analyt- 
ical method.  This  may  be  so;  but  I  shall  now  show  that  by  the  syn- 
theticjil  direct  method  it  is  the  more  systematic  the  more  complete  the 

triangulation  is,  and  take  the  case  of  a  complete 
pentagon,  in  wliich  I  suppose  at  first  that  the 
angles  at  each  station  are  already  adjusted. 
Number  the  stations  1,  2,  3,  4,  5;  denote  the 
measured  angles  1,^,  1,4, 1,^,  I34,  Ijsj  h^j  23.,,  etc., 
the  corresponding  adjusted  angles  by  [1,^],  [l,*], 
etc.  Each  of  these  angles  receives  a  correction, 
which  may  be  very  conveniently  expressed  as  the  difference  of  the  cor- 
rections to  its  two  directions,  so  that  we  have  for  example  \3^.^]  =  84-,  —  3* 

•  In  case  n  poiuts  are  joinwiV  to  a  a>fal«\\v  oV  m  tv^ed  \>oint8,  then  there  are  2  n  equa- 
tioDS  to  he  solved. 
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+  3iy  where  in  an  actual  numerical  instance  3^.^  is  the  measured. value 
in  arc  measure;  and  if  this  were  a  fundamental  angle,  then  this  would 
be  also  the  final  form  of  the  correction  to  l)e  used  in  the  formation  of 
the  normal  equations. 

I  shall  assume  here  the  angles  at  1  and  2  for  fundamental  angles; 
then  the  work  may  be  done  in  the  following  form: 

[2,,]  =  23,  -  2,  +  2, 

[3,^1  =  3,.,  +  1,  -  I3  +  23  -  2,  +  J,,^ 

[1,.,]  =  1,./-  1.  +  I4 

[2,,]  =  2,,  -  2,  +  2, 

[4,,J  '-^-  4,^  +  1,  -  1,  +  24  -  2,  +  An 

These  two  triangles  are  (contained  in  the  quadrilateral  1.  2.  3.  4,  and 
have  each  two  fundamental  angles,  so  that  the  corrections  to  the  third 
angles,  3,„  4,^,  are  easily  ex])ressed  in  terms  of  fundamental  angles  by 
closing  these  triangles,  and  the  numerical  quantities  J,^^,  Jj^.^  are  the 
deficiencies  of  the  measured  angles  3*"*,  4, .,.  The  remaining  two  tri- 
angles, 1. 3. 4  and  2. 3. 4,  have  each  only  one  fundamental  angle;  and  we 
may  now  proceed  in  four  different  ways,  according  as  we  express  the 
corrections  to  the  remaining  angles  in  terms  of  those  of  the  funda- 
mental angles  and  of  the  angles  341  or  4|.3  or  3^^  or  4^^.  In  the  first  case 
we  have, 

[I,.]  =  1,.  -  I3  +  I4 

[3j.,]   =:  3,.,  ^  04  +  3i 

[4,,]  =  4,.,  +  I3  _  1,  +  3,  -  3,  +  J„.« 

[*^3-4j    -'3  4    -J    T^    -4 

[3,^1  =  3,^  +  I2  -  I3  +  23  -  2|  -  34  +  3i  +  J,„ 

[4„]  =  4,,,  -  1,  +  1.  -  24  +  2|  +  3,  -  3,  +  J,^,  -  J,,., 


It  remains  now  to  express  alsi>  the  correction  to  34.,  by  corrections  to 
fandament^l  angles.  For  this  i)urpose  we  form  any  one  of  the  four 
side  equations,  preferably*  that  at  iK)le  4,  viz: 

^  ^  sin  [1,,]      ^      sin  [24,|      ^      sin  [34,] 
■"sin  [34,1      '      win  [i,;]      *      sin  [23,] 

We  have,  then,  using  above  forms  and  denoting  the  changes  for  V  of 
the  logarithmic  sines  in  terms  of  the  seventh  decimal  place,  by  i)1acing 
6  before  the  angle : 

log  sin  [  I5,]  =      log  sin  I3  4  —  61^.^  (I3  —  I4) 

-  log  sin  |3,  ,1  =  -  log  Sill  34,  +  63,.,  (3,  -  3.) 

log  sin  [24-,]=      log  sin  24,  -  62,.,  {2,  ^  2^) 

*  Though  thooroticaUy  indifferent,  it  is  better  as  pointed  out  by  Mr.  Doolittle  to 
choose  the  pole  opposite  the  smallest  angles. 
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log  sin  [1,  J  == 
log  sin  [84^]  = 
log  sin  [2,4]  = 


log  sin  1,^  +  <yi,.4  (1,  — 14) 
log  sin  (3,,  +  J.,,)  +  63,^  (1, 
log  sin  2,^  +^2,^(23-24) 


— 13  +  ^3  —  2i  —  84  +  3i) 


« + (*!« + <y3„)  1,  -  (di,.« + <y3„)  1, + (tfi,^  -  di,  J  i« 

+  ((J2«,  -  <J3„)  2,  +  (62,.,  +  «S3„)2,  -  (<J2,,  +  (J2,.,)  2« 
+  (<y3..,-<y3„)(3«-3,) 

where  4^  denotes  the  small  discrepancy  of  the  side  equation  in  terms 
of  the  seventh  decimal  place.  Dividing  by  63,.,  —  63,.,  and  transpos- 
ing we  obtain  the  required  correction  to  3,.„  but  it  is  unnecessary  to  do 
this  analytically,  since  it  would  be  more  compact  in  a  numerical 
instance.  Having  obtained  this  correction,  those  of  3^^  4,^  4,,  easily 
follow. 

We  take  now  the  quadrilateral  1.  2. 3.  5,  and  we  need  only  to  go, 
through  three  of  its  triangles,  thus: 


0  =4. 


5»-.] 
2..] 

[1..] 
[3.-.] 

[6..] 

[2«] 
[3..] 


1„  -  1,  +  1, 

6,,  +  1,  -  1,  +  2, 
2i»  —  2i  +  ^ 


-2,+ J 


If^ 


1,.»  -  1,  +  1, 

Sj.,  —  Sj  +  3i 

5,^  +  I3  -  I5  +  35  -  3i  +  Jj,^ 

2j.B  —  23  +  25 

3„  +  1»  -  I3  +  23  -  2i  -  3.  +  3,  +  A^ 

6„  -  1,  +  I3  -  25  +  2i  +  35  -  3i  +  J,^  +  A^^ 


We  have  now  to  express  the  correction  to  35.1  by  means  of  a  side 
equation,  and  we  take  that  at  pole  5  as  most  convenient,  viz: 


^       sm 
1  =  — 5- 


sm 


^ftf 


2i^ 


sm 


sin 


35.1 


1,» 


sm 


sin 


2,.» 


V^b-ij 


Using  the  forms  already  given,  we  have 


log  sin  [1,^]= 
log  sin  [2,  J  = 
log  sin  [34.,]  = 
logsiii[l,^]  = 
log  sin  [2,  J  = 
logsin[3„]  = 


log  sin  1„  —  61^^{h  —  If) 
logsin2.^+(y2i^(2,-25) 
log8in35.,-d35.,(35-3i) 
logsinl,.4  +  rfl,-,(l3-l5) 
log8in2,.s-d2,.»(23-25) 
log  sin  (3„  +  J,„)  -  63,^  (I3  -.  l,  +  23  -  2i  -  S,  +  3,) 


0  =  6,^,  +  (dl„  -  63,^)  1,  +  (dl„  +  rf3„)  I3 
+  {S2,.,+ 63,^)2,  -  {62,^+63,^)2, 
-(rf3,.,-(y3,-,)(35-3i) 


{<y2,^-d2,^)25 


This  gives,  then,  the  correction  to  3|.i,  and  thence  those  to  3^.,,  5,^ 
aud  5^^ 
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Passing  now  to  the  quadrilateral  1.  2.  4.  5,  we  need  only  go  through 
two  of  its  triangles,  thus: 

[1,^]  =  1,^  -  I4  +  I5 
[4,.,]  =  45.,  -  45  +  4i 
[6,.J  =  5,.,  +  1,  -  I5  +  45  -  4,  +  Ji^^ 

[24^]  =  2,.,  -24  +  25 

[4,,]  =  4„  +  la  -  1,  +  24  -  2i  -  45  +  4i  +  J,^^ 
[5,4]  =  5,.4  -  1,  +  I4  -  25  +  2i  +  45  -  4i  +  J,.,.,  +  /J,^^ 
and  to  express  the  correction  to  451  we  use  the  side  equation 


1  = 


sin  [1^^ 


sm 
sin 


sm 


"4 -5 


Bin  [4ft,;    . 


sin  [2,^; 
which  being  computed,  gives: 

log  sin  [lit]=      log  sin  I5,  —  61,^  (I5  —  Is) 

-  logsin  [2,5]  =  -  logsin2,.,  +  rf2,^(2,  -  2.) 
log  sin  [451]  =     log  sin  4j.,  -  d4,.i  (45  -  4i) 

—  log  sin  [I4  J  =  -  log  sin  l^.^  +  ^15.4  {U  - 15) 
logsin[2,^]=     log  sin  2,^-^2,^  (24 -25) 

--logsin[4,,]  =  -  logsin(4,,  +  J>,.4)  -  <y4,.,(l2  -14  +  24- 2,  -45  +  4i) 

0  =  5,,.,  +  (dl,,  -  rf4,,)  1,  +  {61,.,  +  rf4„)  I4  -  (dl5,  +  61,^)  I5 
+  {62,.,  +  (y4„)  2i  -  {62,.,  +  d4,,)  24  -  (rf2,.,-  rf2,^)25 
-((J4,,-(J4,,)(45-4i) 

and  thus  we  obtain  the  correction  to  45.,,  and  then  to  4^,,  5,.,^  5^.,. 

There  is  now  one  more  triangle,  3. 4. 5,  which  is  outside  the  base  1. 2. 
Its  angles  are  expressed  by  means  of  station  relations,  thus: 

[34-5]  =  ^4  5  —  34  +  35 

[4ft,]  =  4ft,  4.  I3  -  1,  +  34  -  3,  -  45  +  4i  +  J,,^ 

[53.4]  =  5,4  -  I3  +  I4  -  35  +  3,  +  45  -4,  +  J,.,.ft  -  J,,^ 

and  these  are  readily  expressed  in  terms  of  fundamental  angles  alone. 

After  having  performed  the  eliminations  as  indicated,  and  which  are 
far  more  simple  in  a  numerical  instance,  we  have  the  corrections  to 
each  angle  in  the  figure  in  terms  of  the  symbols  I2,  I3,  I4,  Is,  2i,  23,  24, 25, 
apparently  eight  independent  quantities,  but  in  reality  six,  since  only 
their  differences  have  an  absolute  value;  and  to  reduce  the  problem  to 
its  essential  form  we  may  put,  for  instance,  1,  =  2i  =  0,  but  it  is  advan- 
tageous for  checking  the  formation  and  solution  of  the  normal  equations 
to  retain  them. 

Since  we  have  supposed  for  the  present  that  at  each  of  the  stations 
a  local  adjustment  has  been  made,  we  must  derive  the  weights  of  each 
angle  from  that  previous  work.  The  attentive  reader  will  observe, 
however,  that  the  process,  just  shown  for  the  complete  pentagon,  to 
express  the  angle  corrections  in  terms  of  those  of  fundamental  angles, 
may  be  applied  just  as  well  to  the  unadjusted  station  angles,  so  that  it 
is  not  at  all  necessary  to  make  a  separate  station  adjustuLeiLt.  '^H^^ 
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details  of  the  work,  iF  iit>  Htatioii  ac^ustment  is  made,  I  reserve  for  a 
future  i)ai)er. 

There  is  no  difficulty  whatever  of  ai)plyiug  the  process  to  a  greater 
number  of  i)oint8;  for  we  have  seeu  that  the  work  ou  the  quadri- 
laterals 1.  2.  3.  4 J  1.  2.  8.  5;  1.  2.  4.  5,  far  from  interfering  with  each 
other  had,  on  the  contrary,  parts  In  common.  For  a  sixth  point  we 
should  go  through  the  additional  quadrilaterals  I.  2.  3.  i);  1.  2.  4.  6; 
1.  2.  5.  6.  in  the  same  manner.  Then  there  will  be  three  new  extra 
base  triangles  3.  4.  6;  3.  5.  6;  4.  5.  6,  which  are  filled  out  by  regarding 
station  relations  only.  If  some  directions  have  been  observed  but 
one  way,  this  makes  no  difference  in  the  process,  except  that  angles 
not  observed  are  not  expressed,  provided  there  are  at  least  two  stations 
which  see  all  the  other  stations;  for  we  can  then  use  the  angles  at  these 
stations  as  fundamental  angles.  If,  however,  this  condition  is  not  ful- 
filled, we  can  not  find  the  required  number  of  fundamental  angles  at 
any  two  stations,  Jind  it  may  thus  be  necessary  to  select  them  at  three 
or  more  points.  It  seems  preferable  (though  for  lack  of  experience  this 
may  be  subject  to  future  modifications)  to  select  these  angles  so  that 
all  measured  angles  at  the  stations  make  up  the  required  number.  If 
directions  are  entirely  wanting,  the  i)rocess  requires  some  modification, 
particularly  as  to  the  form  of  side  equations,  which  then  often  involve 
more  than  four  i>oints.  1  select  a  somewhat  tyjncal  case  in  applying 
the  process  to  the  following  ])olygon: 


s 

Here  we  take  the  angles  at  1,  2,  3,  4  for  fundamental  angles  (a  good 
selection  would  also  be  the  angles  at  1,  0,  4),  and  the  work  proceeds  as 
follows : 

[h^]  =  1,^  -h  +  h  [2,.e]  =  2,^  -  23  +  26 

[2e,]  =  2,,  -  2«  4-  2,  [3,,]  =  3e,  -  36  +  3* 

[6i.]  =  (h^  +  I2  -  le  +  26  -  2i    [6,,]  =  6,^  +  23  -  26  +  36  -  .% 

"T    ^|-«ii  "T"    •Jj-3-c 

[.3,,.]  =  3,,  -  3,  -f  36  [4,.e]  =4,^-45  +  46 

[4c^]  ==  4,-3  -46  +  43  [5e.4l  =  5^.,  -  56  +  04 

[63.4]  =  ()3,,  —  34  —  36  +  46  —  43        lO,.,]  =  64.J  +  4.^  —  46  +  r>6  —  54 

|lo.sJ    =   I,-..   -   l6   +    Is 

[«»,]  =  <»:,,  —  1.  +  !»  -  li,  +  2,  -  ;{.  +  .%  -4, +  4,-5,  +  Cu  -  J,„ 
I5„,l  =  ■%,,  +  1.  -  1..,  +  2,  -  2,  +  3,  -  .">,  +  4,  -4,  +  r>,  -  5.  +  J„, 
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m 

The  correction  to  the  non-fundamental  angle  Se;*  is  now  to  be  elimi- 
nated from  these  forms  by  means  of  the  side  equation, 


_  sin 


sin 


Ifu]  sin 


2. 


•i]  sin 


2, 


8« 


'6t 


sin  [34.6J      ^      sin 
8iir[4^~J      *       sin 


sin  [5^;^ 
sin  [l«5 


in  which  we  have  to  use  the  forms  just  given.  The  expression  for  the 
required  correction  of  564  is  then  easily  obtained  in  the  manner  shown. 
The  forms  for  the  corrections  of  64.5,  65.,,  5,.fl  then  follow,  and  all  angles 
that  form  triangles  have  then  their  corrections  expressed  in  terms  of 
those  to  the  fundamental  angles  at  1,  2,  3,  4.  The  expressions  for  cor- 
rections of  angles  that  do  not  form  triangles,  such  as  1, 5,  65.3,  etc.,  are 
easily  formed.  In  the  minimum  sum  of  squares  of  corrections  we  may 
either  exclude  or  include  these  latter,  and  there  will  always  be  some- 
thing arbitrary  unless  we  use  angles  not  locally  adjusted.  In  that  case 
we  know  not  only  which  angles  are  measured,  but  also  their  precise 
weight,  and  everything  arbitrary  disappears.  However,  for  sec- 
ondary triangulations  such  (luestions  have  very  little  importance,  and 
it  would  hardly  be  objected  to  by  anyone  to  include  in  the  minimum 
sum  of  squares  only  the  corrections  of  angles  which  form  triangles.  It 
is  easily  seen  that  by  using  this  i)rinciple  we  shall  have  for  a  single 
chain  of  triangles  without  any  diagonals  the  old  common-sense  method, 
viz,  to  distribute  the  closing  error  equally.  These  questions,  however, 
form  no  part  of  my  method,  whose  object  is  simply  to  obtain  expres- 
sions for  the  coiTections  of  angles  in  terms  of  those  of  the  fundamental 
angles. 

A  problem  of  great  importance  and  fre^juent  occurrence  is  to  join 
one  or  more  new  stations  to  a  system  of  points  already  lixed.  Since  n 
new  i)oints  are  established  by  2  n  angles,  we  can  express  the  cjorrection 
of  every  measured  angle  in  terms  of  the  corrections  to  2  w.  fundamental 
angles,  and  thus  we  have  to  form  and  solve  2  n  normal  equations,  what- 
ever may  be  the  number  of  fixed  points.  In  this  case  the  direct 
synthetical  method  leads  to  a  certain  number  of  normal  e(]uations  for 
any  number  of  fixe<l  points,  while  for  the  indirect  method  the  number 
of  normal  equations  increases  with  that  number. 
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For  a  numerical  example  I  shall  a<ljiiBt  the  following  figure,  in  which 
the  new  stations  Two  Bock  and  Paxton  are  joined  to  the  rigid  system 
Cahto,  Sanhedrin,  Cold  Spring,  Great  Caspar: 


Great  Caspar2 


I  Sanhedrin 


The  following  tables  give  the  station  adjusted  directions  between 
these  stations: 


Observed. 

Adjusted. ' 

f 



Observed. 

i 

Adjusted,  j 

CAHTO  (3). 

1 
1 

CREAT  CASPAR  (2). 

0   /      // 

''      1 

0   /      /f 

' 

King  Peak. 

ooooo-ooo 

0000  1 

King  Peak. 

00000-000 

OO-OO 

Sanhedrin. 

1555624*824 

23.5  ^ 

Cahto. 

381805-97 

0779 

Two  Rock. 

203  52  30-678 

Sanhedrin. 

90434579 

46-30 

Cold  Spring. 
Great  Caspar. 

2174628-975 

2753   , 

Two  Rock. 

105  10  31-91 

2391040-137 

3890  , 

Paxton. 

143  35  4242 

1 

1 

Cold  Spring. 

1745*50310 

0453 

SANHEDRIN   (l). 

1 
! 

COLD  SPRING  (4). 

Reference  Mark. 

ooooo-ooo 

oo-oo  ; 

Paxton. 

735403I2I 

Great  Caspar. 

00000-000 

oo-oo 

Cold  Spring. 

8401  14*479 

14-51  ! 

Two  Rock. 

354027-72 

Two  Rock. 

1 10  28  13*942 

1 

Sanhedrin. 

59  27  06-62 

0732 

(Ireat  Caspar. 

1201954-734 

5463 ; 

Paxton. 

805804-52 

'       ^^ 

Cahto. 

1644004-538 

0536 1 

'  Cahto. 

2155 

54  VH 

TWO  R(M  K  (5). 

1 

PAXTON  (6). 

Paxton. 

ooooo-ooo 

Sanel  Mt. 

00000-000 

Cold  Spring. " 

344I5I04I 

Cold  Spring. 

77064860 

Great  Caspar. 

109  13  52*678 

1 

Great  Caspar. 

1444624*62 

Cahto. 

1870320-732 

1 

Two  Rock. 

1770721-08 

Sanhedrin. 

264  55  28-589 

1 

1 

Sanhedrin. 

225  2840-16 
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Assaming  the  angles  at  Sanhedrin  1,  and  Great  Caspar  2,  as  fanda- 
mental,  we  have  going  through  the  quadrilateral  1.  2.  3.  5  the  follow- 
ing work : 

O         I  It  O  I  II 

1„]  ==  44  20  10-73  [l5^]  =      9  51  40-69  -  I5 

2,.,]  =  62  25  38-51  [5,.,  |  ==  155  41  35-91  +  I5  +  25  — 1."35 

[3  J  =  83  14  15-39  [2,5]=    14  26  45-61  +  25 

Excess  =  4-63  Sum  =  2-21 

Excess  =  0-86 

O         I  II  O  I  II 

f  1,,]  =  54 11 51-42  -  I5  [2,^J  =  m  52  24-12  +  2^ 

[5,,]  =  77  62  07-86  +  I5  -  35  -  3-''20  [3„]  =  35 18  08-22  -  3^ 
[3, ,]  =  47  56  07-17  +  35  [5, ,]  =  77  49  28-05  -  25  +  3$  +  l-"86 

Sum  =  6-45  Sum  =  0-39 

Excess  =  3-25  Excess  =  2-24 

We  now  take  the  side  equation  at  pole  5  and  in  logarithms  we  have 

logsin[l5^]=      9-9090420-    15  (I5) 

-  log  sin  [3,. 5]  =  -  9-8706315  -    19  (35) 
log  sin  [2i.,]  =      9-3970140+    82(25) 

-  log  sin  [1„]  =  -  9-2336653  +  121  (I5) 
log  sin  [3  J  =      9-7618453-    30(35) 

-  log  sin  [23^J  =  -  9-9636174  —     9  (25) 

0=  -129  +  106(15)  +  73  (25)  -  49  (35) 

3.,  ■--       2-163  (I5)  +  1-490  (25)  -  2-633  =  t^  3,.,  =  -  v  \^ 
r  5, ,  =  -  1-163  (I5)  ~  1-490  (25)  -  0-567 
V  5,^  =      2-l(K3  (I5)  +  0-490  (25)  -  0-783 

We  next  go  through  the  (luadrilateral  1.  2.  4.  5: 

O  I  II  O  I  II 

1 1,^1  36  18  10-12  |1,,|  =  26  26  69-43  +  I5 
[4,,)  =  59  27  07-32  |4,;|  =  23  46  39-60  -  45 
[2,.,]  =  84  14  18-23         [5,4]  =  129  46  22-45  -  I5  +  45  +  1-11 

Excess  =  5-67  Sum  =  1-48 

Excess  =  2-59 

o        /  // 

[2,.,1  =  69  47  32-62  -  25 

164,]  =  74  32  01-64  +  25  -  I5  +  0-24 

[4,.,]  =  35  40  27-72  +  45 

Sum  =  1-98 

Excess  ==  2-23 
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To  express  the  correction  4^  we  use  the  side  equation  at  i>oIe  5: 

log  sin  [U,]  =      9-2336653  -  121  (I5) 

-  log  sin  [2,^1  =  -  9-3970140  -    82  (25) 
log  sin  [45.,]=      9-6055083-    48(45) 

-  log  sin  [I4-,]  =  -  9-6487641  -    42  (I5) 
log  sin  [2y,\  =      9-9724099  -      8  (25) 

-  log  sin  [4„]  =  -  9-7658011  -    29  (4,) 

0    =  +43-163  (I5)  -  90(25)  -  77  (4,) 

•••  (45)  =  i?4,^  =  -  r4i.,  =  -  2-117  (I5)  -  1-170  (25)  +  0-558 

t?5,^  =  -  3-117  (I5)  -  1-170  (2,)  +  1-668 
v5,^  =  +  2-117  (I5)  +  2-170  (25)  -0-318 

The  corrections  to  the  extra  base  angles  in  triangle  3.  4.  5  are  now 
easily  expressed : 

o  /  // 

[3y,]  =    13  53  56-85  -  35 

[5 J]  =  152  21  29-69  +  35-45  +  2-09 

[4,51=    13  44  33-08  +  45 

.-.  vSy,  =  -  2-163  (I5)  -  1-490  (25)  +  2-633 
v5,^  =  +  4-280  (I5)  +  2-660  (25)  -  1-101 
v4,.,  =  -  2-117  (I5)  -  1-170  (25)  +  0-558 

The  work  done  so  far  relates  only  to  the  introduction  of  station  Two 
Kock,  5,  into  the  rigid  system  and  involves  only  the  two  unknowns  I5, 
25,  and  thus  we  accomplish  this  by  only  two  normal  equations,  while 
the  indirect  method  requires  six. 

Introducing  station  Paxton  6,  the  work  proceeds  as  follows: 

o         /  // 

[le^]  =  46  25  51-51  -  le 

[6,  ,1  =  80  42  15-54  +  !«  -  2e  +  1-68 

[2j^]  =  52  51  56-12  +  2^ 

Sum  =  3-17 
Excess  =  4.85 

o        /  // 

[2e.,]  =  31  22  22-11  -  2« 

[6„]  =  67  39  36-02  +  2^  -  46  -  0-47 

[4^]  =  80  58  04-52  +  4, 

Sum  =  2-65 
Excess  =  218 

o  /  // 

(I..4J  =    10  07  11-39  -  1« 

[641]  =  148  21  51-56  +  Ig  -  4«  +  1-21 

[^,^  =  '21  30  51-'iQ  -V  (^ 
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The  side  equation  at  pole  6  is: 

log8in[l„]=:       9-8606661  -    20  (le) 

—  log  sin  [2,^]  =  -  9-9015790  -    16  (26) 
log  sin  [4,  J  =      9-5643811+    53(46) 

—  log  sin  [1^4]  =  -  9-2447914  +  118  (l6) 
log  sin  [2fl,4]  =      9-7165078-    34(26) 

—  log  sin  [4,.  J  =  -  0-9945814  -     5  (46) 

0    =  +22+    98  (l6)  -  60(26)  +  48(4«) 

.•.  4«  =  r4,^  =  r4i^  =  -  2-042  (l6)  +  1-042  (26)  -  0-458 

v6^^  =      2-042  (l6)  -  0-042  (26)  -  0-012 
v6,^  =      3-042  (l6)  -  1-042  (26)  +  1  -668 

o      /  // 

[lej  :=  36  34  10-82  -  l6  +  I5 

[6»,]  =  48  21  19-08  +  l6  -  I5  +  5i  -  6«  +  1-11 

[5,  J  =  95  94  31-41  -  5i  +  S. 

Sum  =  1-31 
Excess  =  2-42 

[25  J  =    38  25  10-51  -25  +  26 

[5„]  =  109  13  52-68  -  I5  +  25  +  61  -  56  +  1-35 

[6,  J  =    32  20  56-46  +  I5  -  26  -  5i  +  5,  +  0-57 

Sum  =  59-65 
Excess  =    1-57 

The  side  equation  at  pole  6  is: 

log  sill  [IjJ  =      9-7751005  -  28  (1,  -  1,) 

-  log  sin  [5,e]  =  -  9-9982938  +    2  (5,  -  5i) 
log  sin  [2,^]  =      9-9015790  +  16  (2,) 

-  log  sin  [1«  j  =  -  9-8600651  +  20  (1.) 

log  sin  [5e,]  =      9-9750613  -    8  (-  1,  +  2»  —  6,  +  e.) 

-  log  sin  [2,  J  =  -  9-7933821  +  27  (2^  -  2.) 

0     =  -  2  +  36  (1,)  -  8  (le)  +  19  (2,)  -  11  (2,)  +  10  (5,  -  5.) 

.-.  5.  -  5,  =  t?  5,^  =  -  3-60  (1,)  +  0-80  (1.)  -  1-90  (2,)  +  1-10  (2,)  +  0-20 

V  5..,  =  +  2-60  (1,)  -  0-80  (le)  +  2-90  (2,)  -  1-10  (2,)  +  1-15 

V  64.,  =  +  2-60  (1»)  +  0-20  (1.)  +  1-90  (2J  -  1-10  (2,)  +  0-91 
I?  6„  =  -  2-60  (I5)  +  0-80  (le)  +  1-90  (2,)  +  0-10  (2.)  +  0-77 

There  remains  now  the  extra  base  triangle  4.5.6  to  be  gone  through, 
the  expressions  for  the  corrections  of  its  angles  being  obtained  by 
station  relations  only.    We  have  then 
8.  Ex.  37—35 
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// 


[5,.]  -  [5,J 
[O4,]  +  [6,.J 


:    45  17  36-80  +  2-117  (I5)  +  1-170  (2,)  -  2-042  (1«) 

+  1-042  (2.)  -  1-016 
:    34  41  61-04  +  0-483  (1,)  +  0-730  (2,)  -  0-800  (1«) 

-  1-100  (2.)  +  1-468 
:  100  00  32-48  -  2-600  (1^)  -  1-900  (2.)  +  2-842  (1^) 

+  0-058  (2.)  +  0-758 

Sam    =  0-32 
Excess    =  1-53 ' 

We  now  form  the  following  table  of  observation  equations,  giving 
weight  1  to  all  angles  with  one  new  direction  and  weight  0*5  to  those 
with  two  new  directions. 


p 

V 

u 

3< 

u 

a« 

2,-. 

9 

— I 
—  I 

+  1 

+1 
+1 

1 

^••4 

3i-. 

+2163 

-fI-490 

—2.633 

3.-4 

—2-163 

—1-490 

4-2*633 

3**s 

—2-163 

—1-490 

-f  2*633 

^•*i 

-f-2'II7 

fI-170 

-0-558 

4j'» 

—2-117 

—  1-170 

4-0-558 

^9-t 

—2-117 

—1-170 

4-0-558 

05 

54*S 

-I-2-II7 

-f2-i7o 

—0-318 

05 

54*« 

-f-4-28o 

4-2-660 

—  rioi 

05 

5l-4 

— 3"7 

—1-170 

4-1-668 

OS 

Ss't 

-J-2-I63 

4-0-490 

--0-783 

05 

5t*i 

+  1 

— I 

—1-35 

OS 

5s*i 

— ri63 

-1-490 

-0-567 

1 

'••a 

— I 

1 

^•4 

— I 

05 

'••. 

+1 

—I 

I 

2.-. 

+  1 

I 

2«-4 

—  I 

OS 

2».« 

— I 

4-1 

05 

46.« 

+2117 

-fri7o 

— 2-042 

-fi-042 

— i-oi6 

I 

4i-« 

— 2-042 

-4-1*042 

—0-458 

I 

4,-« 

— 2-042 

4-1*042 

—0-458 

OS 

5i.« 

—3-600 

—1-900 

4-0-800 

4-1-100 

4-0-20O 

o-s 

5«-, 

-}-2-6oo 

4-2-900 

— o-8oo 

—  I-IOO 

4-1-150 

o-s 

5<-4 

+0-483 

4-0730 

— o-8oo 

—  I-IOO 

4-1-468 

OS 

6,.| 

+  1 

— I 

4-1*68 

o-s 

64.. 

4-3-042 

—1-042 

4-1-668 

o-s 

6.., 

-f-2*6oo 

4-1-900 

4-0-200 

— I-IOO 

4-0*910 

05 

64.. 

-j-2-042 

— 0-042 

— 0-012 

OS 

6... 

— 2-600 

— 1-900 

4-0'8oo 

4-0-I00 

4-0-770 

o-s 

64.. 

— 2-6oo 

— 1-900 

4-2-842 

4-0058 

4-0*758 

Oombining  the  first  eighteen  of  these  equations  we  obtain 

0  ==  50-22  (1,)  +  27-82  (2,)  -  27-08 
0  =  27-82  (1»)  4-  22-07  (2,)  — 15-57 
>vhence 

{I,]  =  +  0-49 
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If  wo  intended  to  join  only  the  new  point  Two  Bock  5  to  the  rigid 
system  1.2,3.4,  disregarding  for  the  present  Paxtoo  0,  these  cotrections 
being  applied  effect  this,  and  from  triangle  1.2.5  we  can  compute  at 
once  geographical  positions  consistent  with  every  point  except  Paxtou 
6;  and  the  filling  oat  of  the  other  triangles  is  not  necessary  except  for 
checking  or  for  an  estimate  of  accaraoy.  Including,  however,  Paxton 
6,  we  have  the  normal  equations 

0=  73-08  (10  +  43-84  (2.)  -  9-80  (1.)  —  4-22  (2.)  -  27-47 
0=  43-84  (IJ  +  34-92  (2,)  -  6-67  1,)  -  443  (2.)  -  14-73 
0  =  -  9-80  (1»)  -  6-67  (20  +  25-13  (1.)  -  6-53  (2.)  +  7-26 
0  =  -  4-22  (1,)  -  4-13  (20  -  6-53  (1.)  +  8-68  (2.)  -  4-97 
Solving  we  obtain 

(10  =  +  0-46;     (l,)  =  +  0-10 

(20  =  -0-03;     (20  =  +  0-85 

These  corrections  being  applied  will  completely  establish  the  two 

new  points  consistent  with  the  rigid  system,  and  it  is  not  necessary, 

except  for  checking  and  an  estimate  of  precision,  to  compute  the  other 

corrections.    This  will,  however,  be  done,  and  these  are  the  results: 


tv^ 

-.'3 

±;.:r 

+  0-85 

''iV.vr 

,  . 

— o'46 

=^-46 

-0-46 

=^■46 

+0-46 

=+0-46 

3,., 

—0-03 

=—003 

'>-• 

—003 

+0-03 

=+0-03 

iV, 

+095 

-j-63 

=-168 

3>-. 

—099 

+C.-04 

4-2-63 

=  4- ■■68 

3.., 

-0-99 

+004 

+  2-63 

=  +.-68 

+098 

—0-04 

_o-s6 

=  +0-38 

^D-98 

+C.'04 

4-0-56 

=  -038 

4.-. 

5<-. 

+098 

4-0-04 

4-0-56 
— 0-32 

=  -0-38 
=  +0-59 

5<-i 

+  "■97 

=  +079 

S,-. 

—1-44 

+0-04 

4-1-67 

=  40-27 

5,; 

+0-99 

-078 

=  -f  0-20 

5.-. 

+0.46 

+o'03 

-'■35 

=  —0-86 

S.-. 

-0-S3 

+0-04 

-057 

=  —1-06 

'.5 

—a  10 

=  —□-10 

— o-io 

=  — o-io 

''-■\ 

-fo.46 

+0-03 

±111 

4-0-8S 

=  +D-36 
=  +0-88 

4.'. 

+o'98 

—0-04 

— o-io 

4-0-88 

=  +0-60 

4r. 

+0-88 

—0-46 

=  +0-21 

At; 

+Q-S8 

-0-46 

=  +0-22 

5,; 

-1-66 

+0'o6 

+0-08 

+094 

4-0-20 

=  -0-38 

s,. 

-009 

— 0-08 

— 0-94 

+«-r5 

=  +1-24 

5*-, 

-I-0-3J 

— 0-02 

-troS 

— 094 

+  '•47 

=  -fo-6s 

6 

hffio 

-o-Ss 

+  1-68 

=  +0-93 

6.., 

.0-30 

—0-88 

+  1-67 

=  4.ro9 

§■■' 

+rw 

—0-94 

+0-91 

=  +■■'3 

fi.-. 

■0-20 

—003 

— o-oi 

=  +o-i6 

6... 

— i-ao 

-H3-06 

h(yo8 

+0-09 

+0-7T 

V-^""^ 

6... 

— i-ao 

-j-0-06 

■ 

ho-jq 

\   ^ 

\     -V«1^ 
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Applying  these  correirtioiiB  and  compating  th«  trianglee  we  have 


Caspar  Lo  Calilo. 


g;:?r. 


Cieal  Ca<pu  to  Suibedrfo. 
Cold  Spring. 


1«  ti  jB  aj 


Cold  Spring  to  SuhadrlD 


Greal  Ca.ipa[  lo  Qdito. 


*■  JS  54*4 

139  w  ii-u 


to  U  4I J 


4-6s«ift 


Cold  SpHim  10  Sanhediln. 


i^je 


Grat  Caspar  10  Cahto. 
Two  Rock, 
Great  Caipu. 


Two  Hodr  to  Cahto. 


Sanhedrln  to  Cold  SpriDC. 
Two  Rotk.  '^     '■ 

Cold  ^luiE. 


a; 


.3  4E  »  K 


/J 


SEPOBT  FOB   m 
On  the  direct  »ynthetical  method 


Cold  SprlDg  tD  CrMI  Cupm. 


Cold  Spring  tQ 
Two  Rock. 
Cold  Spring. 
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of  adjvating  a  triangulation^ 


(I  Cupar  to  Sanhednn 
■I  '~^"l«'- 


Cold  Spring  lo  S. 
Cold  Spring. 


Cold  SprinB  U>  ( 
c"d  Shrlng. 


Cricat  CMpcr  (0  Twg  liock. 

T^'oRock'!"" 
CulontoTooRock. 


Cold  Spitng  lo  Two  Roe*. 

Pmlon. 

CoUl  Spnng. 


It  .5  -05. 
log  rjn-M 

5965 


Bt 


iisin 


ti^7 


fcsBoi 


iix. 


3i  ij  "it 


'"  T,  11^ 


